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METHOD OF MANUFACTURING SEMICONDUCTOR INTEGRATED 
CIRCUIT DEVICE OPTICAL MASK THEREFOR, ITS 
MANUFACTURING METHOD, AND MASK BLANKS 



BACKGROUND OF THE INVENTION 
The present invention relates to a method of 
manufacturing a semiconductor integrated circuit device, an 
optical mask therefor, its manufacturing method, and mask 
blanks; and, more particularly, the invention relates to a 
technique which can be effectively applied to the exposure 
technique used in the process of manufacturing a semiconductor 
integrated circuit device . 

In the manufacture of a semiconductor integrated circuit 
device, a lithography technique is used as a method of 
transferring micro patterns onto semiconductor wafers. In the 
lithography technique, a projection exposure system is mainly 
used; wherein, the pattern of a photo mask provided on the 
projection aligner is transferred onto a semiconductor wafer 
to thereby form a device pattern. 

The ordinary photo mask examined by the present inventor 
is made by processing a light screening material such as 
chrominum (Cr) or the like formed on a transparent quartz 
substrate. In other words, the photo mask is constituted in 
such a manner that a light screening film comprised of 
chromium or the like is formed in a desired shape on the 
quartz substrate. The processing of the light screening film 
is carried out, for example, in the following manner. After 
an electron-beam- sensitive resist is applied onto the light 
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screening film, a desired pattern is written on the 
electron-beam- sensitive resist by an electron beam lithography 
system. Subsequently, after the resistor pattern of a desired 
shape is formed by development the light screening film is 
5 processed by dry etching or wet etching by the use of the thus 
obtained resist pattern as a mask. After this, the resist is 
removed, cleaning or the like is carried out, and thus, a 
light shielding pattern of a desired shape is formed on the 
transparent quartz substrate. 

10 Further, recently, various mask structures have been 

proposed for the purpose of enhancing the resolution of the 
lithography. For example, in Japanese Patent Laid-Open No. 
136854/1992, there is disclosed a mask structure constituted 
in such a manner that, as a means for enhancing the resolution 

15 of a single transparent pattern, the portion surrounding the 
single transparent pattern is made semitransparent , in other 
words, the light screening portion of the photo mask is made 
semitransparent; and, thus, the phase of the slight amount of 
light passing through this semitransparent portion and the 

20 phase of the light passing through the transparent pattern are 
inverted with respect to each other. In other words, light 
that is below the sensitivity of the photo resist for 
transferring the pattern is allowed to pass through the 
semitransparent film, and the phase of this light and the 

25 phase of the light which has passed through the transparent 
pattern are inverted with respect to each other. The light 
which has passed through the semitransparent film is inverted 
in phase with respect to the light which has passed through 
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, pattern which is the major pattern, so that 
the transparent pattern. patterns, 
its phase is inverted in the boundary portron 
and thus, the light intensity in the boundary portion 

the ratio between the intensity of 
approaches 0 . As a result, the 

le U 9 ht which has passed the transparent pattern and the 

t of the light in the pattern boundary portion beco.es 
intensity of the lxgnu 

large - and thus, a light intensity distribution with 

ol - higher than in the case of the technics using no 
contrast hxgh & halftone 

semitransparent film is obtained. This 

H-ft mask m the manufacturing process of the 
type phase shift masK. xi 

.•f, mask the light screening film of 
halftone type phase shxft mask, the 

• h ordinary photo mask is altered to a 
the above -mentioned ordinary P 

h shift film, so that the halftone type phase 
halftone phase shift nxm, 

£ t .as, is manufactured by approximately the same process 

as the above-mentioned ordinary photo masK — 

"^Lher, for example in Japanese Patent L aid-open ^ 
2 e,307/l**3, there is disclosed a method o £ forming a light 

screening x and enhancing 

amplifying the photo mas, manufacture process 
the precision. This method utilizes the properties 
ordinary electron-beam-sensitive or an ordinary 
light -sensitive resist that screens the vacuum 
rays with a wavelength below about 2 00 nm. -ordrng to th s 
s method, the step of etchiug the light screening film ^d 

• lh p resist are disused; and thus, the 
step of removing the resist 

. . n maqks the enhancement in 
reduction in cost of the photo masks, 

* 1-he reduction of defects 

dimensional accuracy thereof, and the 
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thereof become possible i 81257/1993 for 

■ T^anese Patent Laid-open No. 18125// 
Further, xn Japanese v 

'a- closed a so-called halftone mask 
example, there subs trate v,hich xs 

constituted in such a manner that, 

■t-h respect to the exposure light, a pha 
transparent wxth respect ^ ^ 

exe cuted with the mask surface a 
so that exposure is execut ^ mechan ical 

th e exposure light source. In ■ rent 

of the phase shift film comprising a semi 
al high .e, at the periphery of the mas, an, there 
serial hrg ^ absorption ^ the like . 

is „o problem with respec 

Partner, as for the masx alignment, 

Gerties and thus, there seems to be 
screening properties, a i 5830/19!" for 

Pnrther, in Japanese Patent haid-Open «. 
le there is disclosed a technique according to which. 

example, tnere x substrate, 

is formed on a mas* 
a fter a light shielding paten ^ 

nhase sh ift film is formed to a 
a phase snu et phase 

^i^f erence' is etched by an amount corresponding to the target 

phas e diffe renc, .. above . mention ed technigue. 

However, in ca ^ ^ ^ phoCQ 

wording to which the ^ 
mas K is formed by a resist film, ther ^ 
prob lematic point encountered when the photo 
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■ rh process of manufacturing a semiconductor 
used in the process „„„ rf , re d in the 

in tegrated de.ice. the ^^J^ counter 
act uai Photo - manufacture, an - ^ ^ 

— P-iematic pom s P ^ 

tha t the to det ect 
More specifically, it i 

.v, as e g-, an alignment mark, a 

determined patterns, su ^ ^ ^ ^ „ photo 

patter n measuring mar * * ^ ^ kinds o£ 

.formation. Per - - - _ _ _ „ 

insp r: :::: rL - - — - - * 

present, a naioge r photo 

mask Accordingly, xn case tn p 

* * ' ire ' inspection system or an aiigner, 

— " mOUnt6d ° n "1 Photo mas, is formed h, a resist 
„ the detection mar, on Ph ^ ^ 

fiXm pattern, then no high contrast can h 
r esist mas, is high in right transmrssrvrt Y ; and 

• ^-iff-icult. Due to this, xt 

r„rrr .... - - — 
rrr: .,... - - — . - - - — ,M 

~a inspection or exposure can u 
probl em that no good « ~ ^ ^ de£ect 

rrjT^Z.. -ign matter is produced, 
section s Y st m or ^h _ ^ ^ 

In the case of the ano 

. t-hP defect inspection system or the 

5 - - — r fU of the Photo mas, comes into direct 
aligner, the resist 

ffV fixing member (such as, e.g., 
conta ct with a V fect inspection system or the 

vacuum fixing member) ot tn 
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aiigner so that, upon the breakage or peeling-o« of the 

tends to attach to the surface o, for example <he - °f 

^ piianer, to contaminate trie 
the inspection system or the alxgner, 

^ ar rach to the surface of tne 
inside of the chamber or to attacii to 

f as a result of which, a deterioration of 
semiconductor wafer, as a resui 

t-he transfer accuracy of tne 
the inspection accuracy or the trans 

or open-circuit aefects o £ the pattern are oauseo. The, 
liability ana manufacturing yieia o £ the semiconductor 
Integrated circuit devices fall, this being another problem. 

SUMMARY OF THE INVENTION 
Tnus . it is an object o £ the present invention to 
provide .a method o £ factoring a semiconductor integra-a 
circuit aevice using a photo .as, constitutea in such a manner 

It a resist «U. is - - — - ' ™ 
£ilm , therein the information aetecting ability of the 
^ve-mentionea photo mas* can he enhanced. 

Fu rther, another object o £ the invention is to proves 
me thoa o £ manufacturing a semiconductor integratea circuit 
devi ce using a photo masK constitutea in such a manner th 
th e resist mas* is made to .unction as a light screening film. 

the alignment o £ the photo mask with 
wherein the accuracy in the align 

„r n r the exposure device can be 
; the inspection equipment or the exp 

enhanced. 

Still another object o £ the invention is to previa a 
me thod o £ manufacturing a semiconductor integratea circuit 



o . : u 



• _ a in such a manner that a 
•™ a Photo mask constituted in sucn 
devi ce using a Ph ^ a ught ^^^^ film , 

resist f xl- - made t ^ 
wherein the inspection accuracy 

e^ipment can he ^ ^ & 

Still another object of the 

facturing a semiconductor integrated cxrcu 
me thod of manufacturing & ^ a 

a ohoto mask constxtutea xn 
device usxng a pho scree ning film, 

resist mask is made to functxon as a 
herein the accuracy in the pattern transfe 

can be enhanced. inven tion is to 

^ r still another object of the 
Further, stxl ^.^ a 

„ e a semiconductor integrated cxrcuxt 
provxde a sem ^ & resist f llm lS 

photo mask const xtuted xn such where in the 

• a «, a light screening film, wherein 
mad e to functxon as g ^ ^ 

occurrence of forexgn matter ^ ^ 

r- still another ob 3 ect of the xn 
Further, . nteqrated circuit device using a 

provide a semiconductor xntegrate ^ 

Htuted in such a manner that a resx 
pnoto mask constxtuted ^ 

aa a liqht screenxng film, 
m ade funct.cn as 1« semic onductor 
reliability and manuf acturrng yreld 

inC egrated circuit devices can be enhanced. ^ 

Th e above-mentioned and other 
o£ the present invention will be apparent fro. 

ecif ication and the accompanying drawrngs . 
in the specrficatio inventive 
„f the representative aspects 
5 outlrnes of the P nolication will be briefly 

£ eatnres disclosed in the present applet, 

described below. optical mask 

according to the present invents, when 



t o on a predetermined apparatus, such as a inspection 
is mounted P ^ 

shipment or an aligner. 9 ^ ^ ^ 

. resist film on the masK suostrate th P 

w surface of the mask substrate xn s 
disposed on the ma D or surface 

r that the light shielding pattern and the fxttxng 
manner that tne ixa ^ntacted. 

• of the predetermined apparatus xs not contacte 
^Zi::L^ t o the —ion, ^n the optical 

predetermined treatment is carried 

the masK suostrate of the optical mas* in the 

of the predetermined apparatus is 
th e fitting portron or P pattern 

contacted with a region in whrch the Irg 

• • „v,o resist film does not exist, 
comprising the resist shie lding 

t v.e inventxon, a xo-yi"- 
Further, accordxng to tne ^ m ted 
• • a resist film is disposed in an xntegrated 
pattern comprxsxng a resxst 

■™ of a first mask substrate, xn cne 
cirC uit pattern regxon of a f ^ 

oerxphery of the above-mentxoned xntegrat 

P • me tal region made of a metal xs 

a liaht screenxng metal regxu 

^ Ught screening 
di sposed; and an openxng xs pro constitut ed 

and a optical mask xs used whxch xs 
metal regxon, and a opci 

v nar fern for detectxng the 
in such a manner that a mask pattern 

^ t-he optical mask is formed, 
informatxon of the opt yielding 

^•~rr i-o the invention, a ny A1 
Further, accordxng to the , nteara ted 
. • „ a resi st film is disposed xn an xntegrated 

pattet i ;rr;: 9 l:- . -or «~ - a ma. 

5 ate - the outer peripher, of the integrated circuit 

: ^, a light screening metal region comprising a 

. a farther when an optxcal mask xs 
metal is disposed; and further, 



8 



o . o 

* 



mounted onto an aligner, with the optical mask being 
constituted in such a manner that an opening is provided in 
the light screening metal region, and a mark pattern for 
detecting the information of the optical mask is formed, 
5 exposure light is irradiated from a second major surface side 
of the mask substrate, in the state in which the fitting 
portion of the aligner is in contact with a region in which 
the light shielding pattern comprising a resist film does not 
exist; and exposure light which has transmitted through the 

10 optical mask is projected by reduction exposure onto the 

semiconductor wafer, whereby the integrated circuit pattern is . 
transferred onto the semiconductor wafer. 

Further, according to the invention, a light shielding 
pattern comprising a resist film is disposed on an integrated 

15 circuit pattern region of a first major surface of a mask 

substrate; in the outer periphery of the integrated circuit 
pattern region, a light screening metal region made of a metal 
is disposed; an opening is provided in the light screening 
metal region, and a mark pattern is provided for detecting the 

20 information of the optical mask; and further, there is used an 
optical mask constituted in such a manner that a pellicle, 
which is fixed in a state in which the base portion of the 
pellicle is contacted with the light screening metal region or 
the mask substrate, is disposed on the first major surface 

25 side of the mask. 

Further, according to the invention, when the optical 
mask is mounted on a predetermined apparatus, a predetermined 
treatment is carried out, on the major surface of the mask 
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• , state in which the fitting 
„f the optical mask, m a state 
substrate cf the cp contact with a 

portion of the predetermined apparat us i ^ 
region in which a halftone pattern comprise 

does not exist. invention , a light shielding 

Further, according to the inceg rated 
• , resist film i= disposed in an in 
pattern comprising a r ^ o£ the mask 

circuit pattern region on integr ated circuit 

► in the outer periphery of the integ 
substrate; th ^ regiQn comprising a 

pattern region, a light ^ ^ 

me tal is disposed, an opening pr ^ 

„, reqio n, and a mark pattern P 
screenrng metal regi ^ ^ £urCher , on 

d etecting the information of 

rfaM of the mask substrate, 
the first maTor surface llg ht 

k(f . film for causing the exp 
provided a phase shif ^ produce . 

which has transmitted through the opti 

phase difference. inventive 

►Tines of other aspects of the 
Further, outlines or briefly 
, fl in the present application will be 
features disclosed in the p 

descri bed below. seml conductor integrated 

0 , . A method of manuf acturin 9 

circuit device, comprising ^ ^ 

« the SteP ° £ ^^^ght from a second major surface side of 

a mask substrate, tn „ attern which is an 

* , Tiaht shieldin g pattern wn 
25 surface thereof a Hg comprises a photo 

integrated circuit pattern on a mask 

resist pattern; and projection optical 

(W the step of reduction-projects, by pr 
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system, said exposure light which has transmitted through said 
masK suhstrate. wherehy the innate* circuit pattern is 
imaged on a photo resist film fo- on a £ irst major surface 
o£ a semiconductor integrated oircuit wafer and thus 
transferred. 

2 Th e method of manufacturing a semiconductor integrated 
circuit device according to Claim 1. wherein the wavelength of 
the exposure light is at least 100 nm less than 250 nm. 

3 The method of manufacturing a semiconductor integrated 

2 wherein the wavelength of 
circuit device according to Claim 2, 

said exposure light is at least 100 nm hut less than 200 nm 

4 . The method of manufacturing a semiconductor integrated 

/i^rr t-o claim 3, wherein, in the 
circuit device according to Claim , 

peripheral portion of the first major surface of the masK 
suhstrate, a light screening metal region is provided. 
s The method of manufacturing a semiconductor integrated 
circuit device according to Claim 4, wherein, on the first 
maj cr surface of said masK suhstrate. a pellicle is provided 
sc as to cover said integrated circuit pattern, said pellicle 
bei „g contact-fixed on said light screening metal region. 

s . A method of manufacturing a semiconductor integrated 

circuit device, comprising: 

,a, the step of irradiating far ultraviolet or vacuum 
ultraviolet exposure light from a first major surface 
or a second major surface side of the masK suhstrate in the 
state in which the peripheral region of the masK suhstrate is 
held on a masK holding mechanism, the mas* suhstrate having on 
the first major surface thereof a light shielding pattern 
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which is an integrated circuit pattern on a mask and comprises 
a photo resist pattern, the resist pattern being not provided 
on the peripheral region; and 

(b) the step of reduction-projecting, by a projection optical 
5 system, the exposure light which has transmitted through said 
mask substrate, whereby the integrated circuit pattern is 
imaged on a photo resist film formed on a first major surface 
of a semiconductor integrated circuit wafer and thus 
transferred. 

10 7. The method of manufacturing a semiconductor integrated 
circuit according to Claim 6, wherein the wavelength of the 
exposure light is at least 100 nm but less than 250 nm. 

8 . The method of manufacturing a semiconductor integrated 
circuit according to Claim 7, wherein, wherein the wavelength 

15 of the exposure light is at least 100 nm but less than 200 nm. 

9 . The method of manufacturing a semiconductor integrated 
circuit device according to Claim 8, wherein, in the 
peripheral portion of the first major surface of the mask 
substrate, a light screening metal region is provided. 

20 10. The method of manufacturing a semiconductor integrated 
circuit device according to Claim 9, wherein, on the first 
major surface of the mask substrate, a pellicle is provided so 
as to cover said integrated circuit pattern, said pellicle 
being contact- fixed on said light screening metal region. 

25 11. A method of manufacturing a semiconductor integrated 
circuit device, comprising: 

(a) the step of irradiating far ultraviolet or vacuum 
ultraviolet exposure light from a first major surface or 
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second ma jo r S « f ace side of a mas* substrate, the mas* 
substrate having, in an integrated circuit pattern region 
t he first ma.or surface thereof, a light shielding 
„hich is an integrated circuit pattern cn a masK ana course, 
a ph otc resist pattern and having a light screening metal 
reg ion provided in the peripheral region of the first ma 3 or 

surface; and . . , 

(b , the step of reduction-projecting, by a projection optica 
system, said exposure light which has transmitted throu 9 h the 
m asK substrate, whereby, on a photo resist film formed on a 

• r surface of a semiconductor integrated circuit 
first major surtace 01 

-~rt rircuit pattern is imaged and thus 
wafer, the integrated circuit pa 

transferred. 

12 Th e method of manufacturing a semiconductor integrated 
circ uit device according to Claim XX. wherein the wavelength 

Hoht is at ieast X00 nm but less than 250 nm. 
of the exposure li g ht is at lea 

13 The method of manufacturing a semiconductor integrated 
ci rcuit device according to CXaim 12, wherein the wavelength 

, aht is at ieast 100 nm but less than 200 nm. 
of the exposure light is at lea 

14 Th e method of manufacturing a semiconductor integrated 
circuit device according to Claim 13. wherein, on the first 
m ajor surface of the masK substrate, a pellicle is provided so 
as to cover the integrated circuit pattern, the pellicle being 
oontact-fixed on the light screening metal region. 

1S . A method of manufacturing a semiconductor integrated 
circuit device, comprising: 

,., the step of irradiating far ultraviolet or vacuum 
ultr aviolet exposure light from a first major surface or a 
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• r „, r face side of a mask substrate, the mask 
second major surface siae 

. ,„„ trf circuit pattern region ot 
substrate having, in an integrated circ 

th e first major surface thereof, a light shielding pattern 
„hich is an integrated circuit pattern on a mask and comprises 
. photo resist pattern, wherein a pellicle is contact-fixed m 
that part of the peripheral portion of the integrated 
circuitpattern region in which the photo resist pattern is not 
formed so as cover said integrated circuit pattern,- and 
(b) the step of reduction-projecting, by a projection 
optical system, said exposure light which has transmitted 
through the mask substrate, whereby, on a photo resist film 
forced on a first major surface of a semiconductor integrated 
circ uit wafer, the integrated circuit pattern is imaged and 
thus transferred. 

«. The method of manufacturing a semiconductor integrated 

*-« riaim 15 wherein the wavelength 
circuit device accordxng to Claim 15, 

of the exposure light is at least 100 nm but less than ,50 n„ 
17 . me method of manufacturing a semiconductor integrated 

rlaim 16 wherein the wavelength 
circuit device according to Claim 16, 

of the exposure light is at least 100 nm but less than 200 n, 

18 The method of manufacturing a semiconductor integrated 
circuit device according to Claim 17, wherein, in the 
peripheral portion of the first major surface of the mask 
substrate, a light screening metal region is provided. 

19 The method of manufacturing a semiconductor integrated 
circuit device according to Claim IB, wherein, on the first 
m ajor surface of said mask substrate, the pellicle is 
contact-fixed on said light screening metal region. 
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20. A method of manufacturing a semiconductor integrated 
circuit device, comprising: 

(a) the step of irradiating far ultraviolet or vacuum 
ultraviolet exposure light from a first major surface side or 
a second major surface side of a mask substrate, the mask 
substrate having, on the first major surface thereof, a 
halftone light shielding pattern comprising a photo resist 
pattern which constitutes an integrated circuit pattern on a 
mask ; and 

(b) the step of reduction-projecting, by a projection optical 
system, the exposure light which has transmitted through the 
mask substrate, whereby, on a photo resist film formed on a 
first major surface of a semiconductor integrated circuit 
wafer, the integrated circuit pattern is imaged and thus 
transferred. 

21. The method of manufacturing a semiconductor integrated 
circuit device according to Claim 20, wherein the wavelength 
of the exposure light is at least 100 nm but less than 250 nm 

22. The method of manufacturing a semiconductor integrated 
circuit device according to Claim 21, wherein the wavelength 
of the exposure light is at least 100 nm but less than 200 nm 

23. The method of manufacturing a semiconductor integrated 
circuit device according to Claim 22, wherein, in the 
peripheral portion of the first major surface of the mask 
substrate, a light screening metal region is provided. 

24. The method of manufacturing a semiconductor integrated 
circuit device according to Claim 23, wherein, on the first 
major surface of the mask substrate, a pellicle is provided e 
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as to cover said integrated circuit pattern, said pellicle 
being contact- fixed on the light screening region. 

25. A method of manufacturing a semiconductor integrated 
circuit device, comprising: 

5 (a) the step of irradiating far ultraviolet or vacuum 

ultraviolet exposure light from a first major surface side or 
a second major surface side of a mask substrate, which has, on 
the first major surface thereof, a light shielding pattern 
which is an integrated circuit pattern on a Lebenson type 
10 phase shift mask and comprises a photo resist pattern; and 

(b) the step of reduction-projecting, by a projection optical 
system, the exposure light which has transmitted through said 
mask substrate, whereby, on a first major surface of a 
semiconductor integrated circuit wafer, said integrated 
15 circuit pattern is imaged and thus transferred. 

26. The method of manufacturing a semiconductor integrated 
circuit device according to Claim 25, wherein the wavelength 
of the exposure light is at least 100 ntn but less than 250 nm. 

27. The method of manufacturing a semiconductor integrated 
20 circuit device according to Claim 26, wherein, wherein the 

wavelength of the exposure light is at least 100 nm but less 
than 200 nm. 

28. The method of manufacturing a semiconductor integrated 
circuit device according to Claim 27, wherein, in the 

25 peripheral portion of the first major surface, a light 
screening metal region is provided. 

29. The method of manufacturing a semiconductor integrated 
circuit device according to Claim 28, wherein, on the first 
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major surface of the mask substrate, a pellicle is provided so 
as to cover said integrated circuit pattern, the pellicle 
being contact- fixed on the light screening metal region. 

30. A method of manufacturing a semiconductor integrated 

circuit device, comprising: 

(a) the step of irradiating far ultraviolet or vacuum 
ultraviolet exposure light from a first major surface 
or a second major surface side of a mask substrate, the mask 
substrate having, in an integrated circuit pattern region of 
the first major surface thereof, a light shielding pattern 
which is an integrated circuit pattern on a mask and comprises 
a photo resist pattern, wherein a pellicle is contact-fixed in 
the peripheral portion of the integrated circuit pattern of 
said first major surface so as to cover said integrated 
circuit pattern; and 

(b) the step of reduction-projecting, by a projection optical 
system, the exposure light which has transmitted through the 
mask substrate, whereby, on a photo resist film formed on a 
first major surface of a semiconductor integrated circuit, the 
integrated circuit pattern is imaged and thus transferred. 

31. The method of manufacturing a semiconductor integrated 
circuit device according to Claim 30, wherein the wavelength 
of the exposure light is at least 100 nm but less than 250 nm. 

32. The method of manufacturing a semiconductor integrated 
Circuit device according to Claim 31, wherein the wavelength 
of the exposure light is at least 100 nm but less than 200 nm. 

33. The method of manufacturing a semiconductor integrated 
circuit device according to Claim 32, wherein, in the 
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peripheral portion of the first major surface of the mask 
substrate, a light screening metal region is provided. 

34. The method of manufacturing a semiconductor integrated 
circuit device according to Claim 33, wherein, on the first 
major surface of the mask substrate, a pellicle is provided so 
as to cover the integrated circuit pattern, the pellicle being 
contact- fixed on the light screening metal region. 

35. A method of manufacturing a semiconductor integrated 
circuit device, comprising: 

(a) the step of irradiating far ultraviolet or vacuum 
ultraviolet exposure light from a first major surface or a 
second major surface side of a mask substrate, the mask 
substrate having, in an integrated circuit pattern region of 
said first major surface thereof, a light shielding pattern 
which is an integrated circuit pattern on a mask and comprises 
a photo resist pattern, wherein a protective film is formed on 
the photo resist pattern so as to cover said integrated 
circuit pattern region of the first major surface; and 

(b) the step of reduction-projecting, by a projection optical 
system, the exposure light which has transmitted through the 
mask substrate, whereby, on a photo resist film formed on a 
first major surface of a semiconductor integrated circuit 
wafer, the integrated circuit pattern is imaged and thus 
transferred. 

36. The method of manufacturing a semiconductor integrated 
circuit device according to Claim 35, wherein the wavelength 
of the exposure light is at least 100 nm but less than 250 nm. 

37. The method of manufacturing a semiconductor integrated 
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circuit device according to Claim 36, wherein the wavelength 
of the exposure light is at least 100 nm but less than 200 nm. 

38. A method of manufacturing a semiconductor integrated 
circuit device, comprising: 

(a) the step of irradiating far ultraviolet or vacuum 
ultraviolet exposure light from a first major surface or a 
second major surface side of a mask substrate, the mask 
substrate having, in an integrated circuit pattern region of 
the first major surface thereof, a light shielding pattern 
which is an integrated circuit pattern on a mask and comprises 
a photo resist pattern, wherein a conductive ground film is 
formed beneath said photo resist pattern on said first major 
surface; and 

(b) the step of reduction-projecting, by a projection optical 
system, said exposure light which has transmitted through the 
mask, whereby, on a photo resist film formed on a first major 
surface of a semiconductor integrated circuit wafer, said 
integrated circuit pattern is imaged and thus transferred. 

39. The method of manufacturing a semiconductor integrated 
circuit device according to Claim 38, wherein the wavelength 
of the exposure light is at least 100 nm.but less than 250 nm. 

40. The method of manufacturing a semiconductor integrated 
circuit device according to Claim 39, wherein the wavelength 
of the exposure light is at least 100 run but less than 200 
run. 

41. Mask blanks for the reduction projection exposure of 
vacuum ultraviolet rays, comprising: 

(a) a mask substrate which has first and second major surfaces 
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and is transparent with respect to far ultraviolet rays or 
vacuum ultraviolet rays with a wavelength of at least 100 nm 
but less than 250 nm; 

(b) a region coated with a light screening metal film which 
5 region is formed on the first major surface of the mask 

substrate; and 

(c) an opening region provided in the portion corresponding 
to an integrated circuit pattern region in the central portion 
of the region coated with a light screening metal film. 

10 42. The method of manufacturing a semiconductor integrated 
circuit device according to Claim 41, wherein the wavelength 
of the exposure light is at least 100 nm but less than 200 nm. 
43 . A method of manufacturing an optical mask for performing 
the reduction projection exposure of a semiconductor 

15 integrated circuit device, wherein far ultraviolet rays or 
vacuum ultraviolet rays are used as the exposure light, 
comprising : 

(a) the step of placing a mask substrate on a processed mask 
holding portion of a mask writer ; 
20 (b) the step of detecting a position detecting pattern 

provided in the peripheral portion of a first major surface of 
the mask substrate; and 

(c) the step of calibrating an integrated circuit pattern to 
the position where it is to be written, on the basis of the 
25 result of the above-mentioned detection, whereby the 

integrated circuit pattern is written on an integrated circuit 
pattern region on said first major surface. 

44. The method of manufacturing a semiconductor integrated 
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circuit device according to Claim 43, wherein the wavelength 
of the exposure light is at least 100 nm but less than 250 ran. 

45. The method of manufacturing a semiconductor integrated 
circuit device according to Claim 44, wherein the wavelength 

5 of the exposure light is at least 100 nm but less than 200 nm. 

46. An optical mask comprising: 

(a) a mask substrate which has first and second major 
surfaces and is transparent with respect to far ultraviolet or 
vacuum ultraviolet rays; 
10 (b) an integrated circuit pattern region of the first major 

surface of the mask substrate; 

(c) an integrated circuit pattern on the mask substrate, the 
integrated circuit pattern being formed of a light shielding 
pattern in said integrated circuit pattern region of the mask 

15 substrate and being imaged on a photo resist film formed on a 
first major surface of a semiconductor integrated circuit 
wafer, by reduction-projecting, by means of a projection 
optical system, the exposure light which has transmitted 
through the mask substrate, the integrated circuit pattern 

20 being thus transferred; and 

(d) a light screening metal region provided in the peripheral 
region of the first major surface of the mask substrate. 

47. An optical mask comprising: 

(a) a mask subst rate which has first and second major 

25 surfaces and is transparent with respect to far ultraviolet or 
vacuum ultraviolet rays; 

(b) an integrated circuit pattern region of the first major 
surface of the mask substrate; and 
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(c) an integrated circuit pattern on the mask substrate, the 
integrated circuit pattern being formed, in the integrated 
circuit pattern region of the mask substrate, of a halftone 
light shielding pattern which . comprises a photo resist 
pattern, the integrated circuit pattern being imaged on a 
photo resist film formed on a first major surface of a 
semiconductor integrated circuit wafer, by reduction- 
protecting, by means of a projection optical system, the 
exposure light which has transmitted through the mask 
substrate, the integrated circuit pattern being thus 
transferred. 

48. An optical mask comprising: 

(a) a mask substrate which has first and second major 
surfaces and is transparent with respect to far ultraviolet or 
vacuum ultraviolet rays ; 

(b) a Lebenson type phase shift means formed on said first 
major surface or second major surf a ce; 

(c) an integrated circuit pattern region of the first major 
surface of the mask substrate; and 

(d) an integrated circuit pattern on a mask substrate, the 
integrated circuit pattern being formed, in said integrated 
circuit pattern region of the mask substrate, of a light 
shielding pattern which comprises a photo resist pattern, the 
integrated circuit pattern being imaged on a photo resist film 
formed on a first major surface of a semiconductor integrated 
circuit wafer, by reduction-projecting, by means of a 
projection optical system, the exposure light which has 
transmitted through the mask substrate, the integrated circuit 
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pattern being thus transferred. 

49. An optical mask comprising: 

(a) a mask substrate which has first and second major 
surfaces and is transparent with respect to far ultraviolet 

5 rays or vacuum ultraviolet rays; 

(b) an integrated circuit pattern region of the first major 
surface of the mask substrate ; 

(c) an integrated circuit pattern on the mask substrate, the 
integrated circuit pattern being formed, in said integrated 

10 circuit pattern region of the mask substrate, of a halftone 
light shielding pattern which comprises a photo resist 
pattern, the integrated circuit pattern being imaged on a 
photo resist film formed on a first major surface of a 
semiconductor integrated circuit wafer, by reduction- 

15 projecting, by means of a projection optical system, 

the exposure light which has transmitted through the mask 
substrate, the integrated circuit pattern being thus 
transferred; and 

(d) a protective film covering the integrated circuit pattern 
20 region and the light shielding pattern. 

Further, outlines of still others of the inventions 
disclosed in the present application will be briefly described 
below. 

50. The present invention comprises 

25 (a) the step of depositing a transparent conductive 
film on a first major surface of a mask substrate, 
(b) the step of depositing a resist film on the transparent 
conductive film, 
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(c) the step or writing a predetermined integrated cireurt 
transparent conductive film is grounded, 

w the step o £ per f or mi n g a developing treatment after * 
step (e) , thereby a light shielding pattern consented of 
traLparent conductive film and tne resist film is formed on 
the first major surface of the mask substrate, 

the step of holding the optica! mas,, which has heen 
£ abricated by, the foregoing steps ,a, to «-, . I» «- — » 
„hich the iight shieiding pattern constituted of the 
conductive fiim and the resist film is not contacted 
hunting portion of an aiigner, and then, irradiatrng far 
ult ravioiet rays or vacuum ultraviolet rays from a second 
maior surface side of the optical mask, and 

::::: st e P - - — - * -r ion 

optical system the exposure light which has 
through the mask substrate, whereby, on a photo ^ " 
f ormed on a «rst major surface of a semiconductor rn r ed 

•4- ^i-i-prn is transferred, 
circuit wafer, the integrated crrcurt pattern 

51 The invention comprises 

the step of depositing a resist film on a first 

manor surface of a mask substrate, 

water-soluble conductive film on 

(b) the step of depositing a water solu 

the resist film, 

(c) th e step of writing a predetermined integrated c.rcurt 

water-soluble conductive film is grounded, 

iat _ r soluble conductive film by 
the step of removing the water solute 



(d) 
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. 3ft . pr the step (c) , and 
^forming a developing treatment a« ^ 

■ » liaht shielding pattern, which comp 
forming a light subs trate, 

-v.^ first manor surtace uj. 
film, on the first ^ been 

, , the step of holding the optical mask, 

(e) the step in the 

• ...rt through the foregoing steps lai 
fabricated througn f is not 

the light shielding pattern thereof 
state in which the 119 aliq ner, and then, 

tea with the mounting portion of an aligne 
con tacted with ^ _ rays 

irradiating far ^ ^ and 

through the ma. — ~ ^grated 

circuit wafer, ^ne 

„ Th e invention comprises 

-Mna a light screening film, 
(a) the step of deposing Ixg 

whic h comprises a metal, on the whole of 

of a mask substrate, a 
of oatterning the light screening film 
the step of patter q£ 

, common light shielding pattern on the 

the mask substrate, ^ ^ o£ the 

(e , the step of depositing a resist 

■ surface of the mask substrate after 
first ma^or surface or 

(bl and (d) the step of patterning the resi 
step (b) and trans ferring an 

- whereb, a light screening pattern ^ ^ 

integrated circuit-pattern onto J ^ 



substrate . 
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53 The invention comprises 

M the step of depositing a resist film on a first 
Mjor surface of a mash substrate and. thereafter, patterns 
the resist film, whereby a light shielding pattern for formrng 
an integrated circnit pattern is formed, 

(b) the step of depositing a phase shift mm on the frrst 
raaj or surface of the masK suhstrate after the foregoing step 

!c>' the step of digging a groove in the phase shift film so 

„ « difference between the light rays which 
as to produce a phase difference u 

have transmitted through the mask substrate, 
,„ the step of mounting, on the mounting portion of an 
aligner, the optical masK fabricated through the foregoing 
st eps ,., to (C , and then, irradiating far ultraviolet rays 
or vacuum ultraviolet rays from a second major surface srde of 
the optical mask, and 

,., the step of reduction-projecting by means of a projects 
optical system the exposure light which has transmitted 
through the masK substrate, whereby, onto a photo resist frlm 
formed on a first major surface of a semiconductor integrated 
cir cuit wafer, the integrated circuit pattern is transferred. 
54 The invention comprises 

M the step of depositing a resist film on a first 
maj or surface of a mas, substrate, and then, pattering this 
resi st film to form a halftone pattern, which is a pattern for 
forming an- integrated circuit pattern and has the function of 
causing a phase difference between the transmitted light rays 
and lowering the intensity of the transmitted light rays than 
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that of the light rays which have transmitted through the mask 
substrate , 

(b) the step of mounting on the mounting portion of an 
aligner the optical mask fabricated through the foregoing step 
(a) , and then, irradiating far ultraviolet rays or vacuum 
ultraviolet rays from a second major surface side of the 
optical mask; and 

(c) the step of reduction-projecting by means of a projection 
optical system the exposure light which has transmitted 
through the mask substrate, whereby, onto a photo resist film 
formed on a first major surface of a semiconductor integrated 
circuit wafer. 

55. The invention comprises 

(a) the step of depositing a resist film on a first major 
surface of a mask substrate, and then, patterning this resist 
film to form a halftone pattern which is pattern for forming 
an integrated circuit pattern and has the function of causing 
a phase difference between the transmitted light rays and 
lowering the intensity of the transmitted light rays than that 
of the light rays which have transmitted through the mask 
substrate , 

(b) the step of using the halftone pattern as an etching mask 
and digging grooves in the mask substrate exposed from 
therefrom, whereby the phase difference of the transmitted 
light rays is adjusted, 

(c) the step of mounting on the mounting portion of an aligner 
the optical mask fabricated through the foregoing steps (a) 
and (b) , and then, irradiating far ultraviolet rays or vacuum 
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ultraviolet rays from a second major surface side of the 
optical mask, and 

(d) the step of reduction-projecting by means of a projection 
optical system the exposure light which has transmitted 
through the mask substrate, whereby, onto a photo resist film 
formed on a first major surface of a semiconductor integrated 
circuit wafer, the integrated circuit pattern is transferred. 
56. The invention comprises 

(a) the step of depositing, on a first major surface 

of a mask substrate, a phase adjusting film for adjusting the 
phase of the transmitted light, 

(b) the step of depositing a resist film on the phase 
adjusting film, and then, patterning this resist film to form 
a halftone pattern, which is a pattern for forming an 
integrated circuit pattern and has the function of causing a 
phase difference between the transmitted light rays and 
lowering the intensity of the transmitted light than that of 
the light rays which have transmitted through the mask 
substrate, 

(c) the step of using the halftone pattern as an etching mask 
and shaving off the phase adjusting film, which is exposed 
from the halftone pattern, wholly or by an amount 
corresponding to a predetermined thickness, whereby the phase 
difference of the transmitted light rays is adjusted, 
(d) the step of mounting on the mounting portion of an aligner 
the optical mask fabricated through the foregoing steps (a) to 
(c) , and then, irradiating far ultraviolet rays or vacuum 
ultraviolet rays from a second major surface side of the 

28 



o . .. o 



optical mask, and 

(e) the step of reduction-projecting by means of a projection 
optical system the exposure light which has transmitted 
through the mask substrate, whereby, onto a photo resist film 
formed on a first major surface of a semiconductor integrated 
circuit wafer, the integrated circuit pattern is transferred. 

57. The invention is constituted in such a manner that, in 
the preceding Item 54, 55 or 56, a light screening metal 
region is provided in the peripheral portion of the first 
major surface of the mask substrate. 

58. The invention is constituted in such a manner that, in 
any one of the foregoing Items 50, 51 and 53 to 57, the 
wavelength of the exposure light is at least 100 nm but less 
than 250 nm. 

59. The invention is constituted in such a manner that, in 
any one of the foregoing Items 50, 51 and 53 to 57, the 
wavelength of the exposure light is at least 100 nm but less 
than 200 nm. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1(a) is a plan view of the optical mask used in the 
method of manufacturing a semiconductor integrated circuit 
device according to an embodiment of the present invention, 
Fig. Kb) is a sectional view taken along the line A-A in Fig. 
1(a), and Fig. 1(c) is a sectional view of the essential part 
of the optical mask, showing the state in which the optical 
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mask shown in Fig. 1(a) and 1(b) is mounted on a predetermined 
apparatus . 

Fig. 2(a) to Fig. 2(c) are sectional views of the 
essential part during steps of manufacturing the optical mask 
shown in Fig. 1(a) . 

Fig. 3 is a graph showing the spectral transmissivity of 
a typical electron beam resist film. 

Fig. 4 is a sectional view of the essential part of a 
semiconductor wafer, wherein the photo resist pattern 
transferred onto the semiconductor wafer by the use of the 
optical mask shown in Fig. 1(a), is symbolically shown. 

Fig. 5 is a schematic diagram of a reduction projection 
exposure system. 

Fig. 6 is a sectional view of the essential part of the 
semiconductor wafer during a manufacturing step for the 
manufacture of a semiconductor integrated circuit device. 

Fig. 7 is a sectional view of the essential part of the 
semiconductor wafer during the step, which follows the step 
shown in Fig. 6, for the manufacture of the semiconductor 
integrated circuit device. 

Fig. 8 is a sectional view of the essential part of the 
semiconductor wafer during the step, which follows the step 
shown in Fig. 7, for the manufacture of the semiconductor 
integrated circuit device. 

Fig. 9 is a sectional view of the essential part of the 
semiconductor wafer during the step, which follows the step 
shown in Fig. 8, for the manufacture of the semiconductor 
integrated circuit device. 
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• l0 (a) to Fig- 10(0 are sectional views of the 
Fl g. 10(a) ma nufacture 

• i nart during manufacturing steps 

- — - — — - - 

r^rpsent invention. 

P . n1 (al are sectional views of the 

n1 /.\ t o Fig. Hv a > axe 
Fig. 1K») to g ma nufacture 

. • i nart during manufacturing steps for 
essential part ^ embodiment of 

of the optical mask according to 

the invention. ^ according 

is a plan view of the opt 
Fig. 12(a) is a P . s a 

to sti n another e^diment of the — * ^ 
sectional v iew taken along the ^ " ^ ^ 

F ig. isasectiona 12 (b) , showing the 

opti cal mas, shown m Fig^ ^ & predetermined 

state in which the optical mask 

apparatUS - . 13(b) ar e flow charts showing the 

Fiq 13(a) and Fig. 13(b) are 

• .He optical mask shown in Fig. 12(a) - 
steps of manufacturing the optic 

x „ Fia 14 (b) are sectional views of the 
via 14(a) and Fig- A * <^t-nve 
Fig afpns for the manufacture 

essentia! part durin g .annfactnrm, steps 

, of the optica, .as, shown in ^ ^ ^ 

is a plan view o£ tne op 
Fig . 15(a) inve ntion, and Fig. 

■m ™i-her embodiment of the pr« 
to still another o£ ^ optlcal 

«,„> is a sectionai view o £ ^ 

• h oattern is written on an optical 
me ans when a predetermined pattern 
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. vie „ of the essential part of 

F ig. is a sectiona ^ ^ 

r i na l mask according to sti essential 
the optical ^ sectional view of the 

par t o £ the optical ma^ ^ expQsure ught ray s 

exposure treatment is carr ^ rf the 

„ h ich have transmitted t ro^ ^ phase . inverted . 

optical mask shown in Fig. ^ q£ the 

Fi g. «(a) to Fig. manufacture 
, al part during manufacturing steps 

essential parr ^ 

o£ the optical mash — » * q£ ^ essential part of 
Fig . „W U a sectio nal v i ^ ^ ^ 

the optical ma. — ^ _ rf ^ ess ential 

invention, and Fig. showing the 

parl of the optical mash shown in g- ^ 

, st ate in which the ^ mask a re 

through the respective portions 

phase-inverted. ^ ^ essent ial part of 

Fig . 2 0<a, i* a -c"- 1 another e ^ oaime nt of the 

the optical -* acco-i^ ^ ^ ^ ^ essential 

, 0 invention, and Fig. in Fig 20 (a) , showing the 

- part o£ the optical mash shown in Fi. _ ^ ^ 

state in which the exposure light V ^ ^ 

through the respective portions of 

phase-inverted. ^ ess ential part of 

" a T to M " another emhodiment of the 
*e optical mash acoor ing » ^ rf ^ essen tial 

mention, and Fig. 2Kb man ufacture of the 

par t during a manufacturing step 
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optical mash shown in Fig. 21(a) . 

. „, a) is a sectional of the essential part 

M sti n another embodiment of the 
optical mask according to still essen tial 

• „iw is a sectional view of the es 
invention, ana Fig. 22(b) « ^ o£ ^ 

part during a manufacturing step for 
optioal mash shown in Fig. 22 <b> . 

„■ 93(a) to Fig- 23(d) are sectional vie 

Fig. 23(a) to manufacture 

Mai part during manufacturing steps for the 

essential part embo diment of 

o£ the optical mask according to still 



10 ^ -a, is a sectional view of the essential part. 

th e optical .ash according to still another e— - 

Hnnal V iew of the essential pare o 
Fig . 2,<b, isasect ion v 

optical .ash shown m Fig, 3 < app „ atus . 
the optical mask is mounted onto a p 

DES C R IPT ION OF THE PREFERRED EMBODIMENTS 

• •„„ a detailed description of the present 

jz rz. - - - - - - — 

application will first he explained. 

, Device surface means a major surface of a 

„ • „ » device pattern corresponding 
semiconductor wafer, on which a devic P ^ 

to a plurality of chip regions is formed by p 

, semiconductor integrated circuit wafer 

ted circuit substrate, or semiconductor 
(semiconductor integrated circuit 
afer semiconductor substrate, means a monocrystallin 

substrate (generally, in an approximately plane, 
sil icon eubstr ( , ^ _ ^ ^ tnts or 

circular shape) , a sappm 
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• nr semiconductor substrate 

anoth « — • °; h ; m which ls used £or 

or a co,o S i t e suhstrate comprxsxng * T 

. „ rure o£ a semiconductor integrated 
the manufacture o ^ an 

3 . Organxc SOG (Spx ^ ^ a 

— ~< ^ hi9h " m0l I ari rled to a siloxane pol^r or a 
organofunctiona. group ^ ^ ^ 

copolymer ^ ^ spin . coat ed on a semiconductor 

is dissoived a s ^ feaMre that , 

wafer, m genera!, an org ^ ^ fce 

^UKe the case of an inorganxc ^ £ilm 

• nfter its curing, so that tn 
caused therexn after ^ s „ e 

can be forced somewhat thx ^ ^ ^ ^ 
series integer film -terxais ^ 
£oro ed into films ,V - - - _ ^ 

4 . wh en an etching stepper « ^ ^ 

- — ^r:^- — 

stopper film 1- « « high « ratio o£ a to B is X, it 

men tioned that the etching selec x ^ ^ ^ ^ q£ 

, m eans that the etching ~" * ^ ' ^ £ilm s and 

B is II ■ As etching stopper f xlms, 

the like are also included. ^ 

l avers generally means resxs 
5 MaSking 1 7 masks no n- P hotosensitive organic 
h ere, include inorganic masXs, 

25 m as k s and tne liKe. too^ ^ ^ 

6- When the terms Ixght mentio ned, it 

• film" or "light shielding pattern 
screening fill* ° r an optic al 

, hat the above-mentioned region 
indicates that tne 
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such that, of the — light 
the re9 ion, less than ,0, i. aU«. to trans.it ^ 
region . In genera what allows 30, or less of the exposure 
Ught to transit through the region is used, on the other 
hand , when the ter„s .transparent, an* -transparent «1- are 
m entioned. it indicates that the fil* has an optical 
ch aracteristic such that, or the exposure light rrradrated 

, n , or more is allowed to transmit 
the concerned region, 60« or more 

through it. m general, what allows ,0% or m ore of such 

n«w to transmit through it is used, 
irradiated exposure light to trans 

7 „ P hoto resist pattern" means a film pattern ohtamed 
by patterning a photosensitive organic film using a 
ph otolithograp hy technigue . Xn addition, as such a photo 
resist pattern, a mere resist film which has no opening at 

t- t-o the portion concerned is also included, 
with respect to the porcio 

c -> mao v iq divided into tne 
8 The pattern surface of a mask is div 

Allowing regions, The region in which the integrate* circuit 
pattern transferred is disposed "integrated circuit pattern 
region, the region cohered with a pellicle -pellicle-coverrng 
region, the pellicle-covering region other than the 
int egrated circuit pattern region ..peripheral region of he 
clr cuit pattern-, the external region covered with no pellrcle 
■peripheral region, the inner region of the peripheral regron 
in which an optical pattern is forced -inner peripheral 
region-, and the other portion of the peripheral regron whrch 
i. used for vacuu. suction or the lixe -outer peripheral 



region" . 



n" . 

9 . In the field of semiconductors, ultraviolet rays are 
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divided as follows: rays which have a wavelength less than 
about 400 nm, but higher than about 50 nm, are called 
ultraviolet rays, rays which have a wavelength of 3 00 nm or 
higher are called near ultraviolet rays, rays having a 
5 wavelength less than 300 nm, but higher than 200 nm, are 

called far ultraviolet rays, and rays which have a wavelength 
of 200 nm or less are called vacuum ultraviolet rays. Main 
embodiments of the present invention have been described with 
respect mainly to the vacuum ultraviolet range with a 

10 wavelength of 200 nm or less, but, if alteration is made as 

described with reference to the following embodiments, then it 
is a matter of course that the present invention is applicable 
even in the case of the far ultraviolet range based on use of 
a KrF excimer laser having a wavelength less than 250 nm, but 

15 higher than 200 nm. Further, it is also possible to apply the 
principle of the present invention even to the shortest 
wavelength end range of the ultraviolet rays having a 
wavelength less than 100 nm, but higher than 50 nm. 

10. When "metal" is mentioned concerning the mask 

20 light- screening material, chromium, chromium oxide and similar 
compounds of other metals are meant; and, from a wider 
viewpoint, single substances, compounds, and composites which 
each contain a metal element and have a light screening 
function are also included. 

25 11. "Halftone mask" is a kind of phase shift mask and 

has a halftone shifter in which the transmissivity of the 
halftone film serving as a shifter and also as a light 
screening film is at least 1%, but less than 40%, and the 
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ph ase shift amount thereof as compare, with the portron rn 
„nich no halftone shifter inverts the phase of the light. 

12 -Levenson type phase shift mask" is a kind of phase 
shi ft .ask constituted in such a manner that the phases of 
opening adjacent to eaoh other.but separated fro. each other 
by a light screening region, are inverted with respect to each 
other, so that, hy the interference action thereof, a clear 
picture is intended to be obtained. 

in the following embodiments, description will be made, 
i£ required, by dividing each embodiment into a plurality of 
sections or embodiments for conveniences sake, but, unless 
particularly specified, they are not irrelevant to each other,- 
but each is in a relationship of being a modification of a 
part or the whole of the other or a detailed or supplementary 

explanation of the other. 

Further, in the following embodiments, in case of 
referring to a number and the like (including the number of 
individual elements, numerical value, amount, range, etc., of 
elements, the invention is not limited to the specific number, 
but can be more or less than the specific number, unless 
otherwise specified and except for cases such as the case 
„ h ere it is clear in view of the principle that limitation rs 
made to a specific number. 

Further, in the following en*odiments, it is a matter of 
course that the constitutional elements (including the element 
st eps etc.. of the embodiments are not always indispensable 
^xess otherwise specified, except for cases, such as the case 
„ h ere it is considered that, in view of the principle, the 
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constitutional element, are clearly indispensable . 

Similarly, in the following embodiments, when the shape, 
the positional relationship, etc. of a constitutional element 
are referred to, those which are substantially approximate or 
similar to the particular shape and the like are included 
unless otherwise specified, except for cases, such as the case 
„ he re it is considered, in view of the principle, that it xs 
clearly not so. The same thing applies also to the above- 
mentioned numerical value and range. 

Further, when a semiconductor integrated circuit devrce 
is referred to in the present specification, it is to be 
considered that not only device made on a semiconductor or 
insulator substrate such as a silicon wafer, a sapphxre 
substrate or the like, but also a TFT ( Tin-Film-Transistor> 
and the device made on another insulating substrate made of 
giass such as STN , S uper-Twisted- N ematic, liquid crystal or 

the like are also included. 

The embodiments of the present invention will now be 
described in detail on the basis of the drawings, m all the 
drawings for explaining the embodiments, elements which have 
the same functions are referenced by the same reference 
numerals and symbols, whereby the repetition of the 

« • -4.t»a Further, in the embodiments 

description thereof is omitted. Further, 

of the invention, a p-channel type MISFET .Metal Insulator 
semiconductor Field Effect Transistor, will be abbreviated to 
PMIS , while an n-channel type MISFET will be abbreviated to 
NMIS. 
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Embodiment 1 : 

Fig. Ka) is a plan view of the photo mask used for the 
m ethod of manufacturing a semioonductor integrated circuit 
device according to an embodiment of the invention, Fig. Kb) 
is a sectional view taken along the line A-A in Fig. 1(a), and 
Fig. Kc) is a sectional view of the photo mask shown in Fig. 
1( a) and Fig. Kb), showing the state in which the photo mask 
is mounted on a predetermined apparatus. The broken lines in 
Fig. Ka) are provided for easier understanding of the 
description, but not formed in the actual product. 

The photo mask 1PA1 according to this Embodiment 1 is a 
reticle for imaging and transferring onto a semiconductor 
wafer the original picture of a semiconductor integrated 
circuit pattern, which is for example five times as large as 
the actual dimensions, through a reduction projection optical 
system or the like; this reticle is used in a projection 
aligner using as a light source vacuum ultraviolet rays such 
as, e.g., a argon fluoride (ArF) excimer laser beam (with a 
wavelength of 193 nm) or a fluorine gas (F 2 ) laser beam (with a 

wavelength of 157 nm) . 

A mask substrate la constituting this photo mask 1PA1 
comprises, for example, a transparent synthetic quartz glass 
or the like formed into a square shape. The region surrounded 
by the innermost broken line in Fig. Ka) shows the 
above-mentioned integrated circuit pattern region. In this 
integrated circuit pattern region, a light shielding pattern 
lb is provided for transferring the integrated circuit pattern 
onto a semiconductor wafer. In this Embodiment 1, the light 
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shielding pattern lb is formed of a resist film. The 
structural details such as the material and the thickness of 
this resist film will be described later. 

The region lying outside this integrated circuit pattern 
region is the peripheral region of the above-mentioned 
integrated circuit pattern. Of this peripheral region, the 
region surrounded by the broken line outside the integrated 
circuit pattern region is the region corresponding to the 
above-mentioned inner peripheral region, where a mark pattern 
Imr for detecting the information of the photo mask 1PA1 is 
formed. In this Embodiment 1, this mark pattern lmr is also 
formed of the above-mentioned resist film. As this mark 
pattern lmr, there are, for example, an aligning mark and a 
calibrating mark used for the photo mask manufacture. The 
aligning mark is a mark used for effecting an alignment 
between the photo mask 1PA1 and an inspection equipment or an 
aligner, so that the aligning mask can inspect the position of 
the photo mask 1PA1 at the time of mounting the photo mask 
1PA1 onto a "predetermined apparatus of the inspection 
equipment or the aligner. Further, the calibrating mark is a 
mark used for measuring the misalignment, the shape of the 
pattern or the pattern transfer accuracy. The mark pattern 
lmr is a pattern which is not transferred onto the 
semiconductor wafer. 

Further, the region lying outside this inner peripheral 
region is the above-mentioned outer peripheral region through 
which, at the time of mounting the photo mask 1PA1 onto a 
mounting portion 2 of the inspection equipment or the aligner, 
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t he Photo masK 1PA1 co»es into direct contact with the 
mounting portion 2 . In this Kmbodiment I. a pattern 
resist til. is not for.ec in the enter peripherai region. 

a ^ outer peripheral region, then, 

a resist film is formed m this outer p 

v, Hot-o mask 1PA1 is mounted onto the inspection 
when the photo masK 

„ pr th e above-mentioned resist film is 
equipment or the aligner, the aoo 

1 ' „ Aff as a result of which foreign matter 

peeled off or shaven off, as a resux 

is produced; but, in this Embodiment 1, no resist film is 
f ormed in the outer peripheral region, so that inconveniences, 
such as the peeling-off of the resist film due to mechanical 
shocks and the production of foreign matter, could be 
prevented. As the mounting portion 2, a mounting portion with 
a vacuum holding mechanism is shown by way of example. 

Ne xt, an example of the method for the manufacture of the 

a mask substrate la 
First, as shown m Fig. 2(a), a m* 

comprising a transparent synthetic guart, substrate with a 
t hic*ness or, e. 3 . about 6 - is prepare,, ana then, as shown 
in Fig . 2<b). a resist film » which has the properties of 
absorbing vacuum ultraviolet rays such as, e.g. , an *rF 
ex cimer laser beam or an laser beam is applied over the 
uh ole of a m aj or surface of the .as* substrate la by the 

£il m which is sensitive to an electron beam. Here, a novolac 
3eries resist film was forced to a thickness of, e.g., about 



150 nm. 



subseguently, ae shown in Fig. 2(c), the light shields 
pattern lb and the mar, pattern Imr each comprising a resrst 
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t ilm were formed by the same method as the method of forming a 
desired pattern in an ordinary photo mash 
proces s. Here, a measure to counter the charging of the 
eiectron beam, which win he described later, was tahen. 
Fu rther. the peripheral portion of the photo .ash 1»1 will 
serve as a portion contacted with the projection aligner, so 
th at the resist film was removed, and thus, the occurrence of 
foreign matter due to the peelin g -off or the shavin g -off of 
the resist film was prevented. 

Por this resist film 1R. a material composed mainly of, 
e g a copolymer of o-methylstylene and a -chloroacr y lic acrd, 
novolac resin and quinine diazide, novolac resin and 
polymethyl pentene-l-sulfone, or chloromethylated polystylene 
„as used. A so-called chemically amplified resist composed by 
incorporate an inhibitor and an acid 9 eneratin g a 9 ent into a 
pbenol resin or a novolac resin can be used. Since the 

screening characteristic with respect to the li g ht source of 
th e projection aligner and also have the characteristic of 
having a sensitivrty to the light source of the pattern 
lithography system, in the photo mash manufacturing process 
such as, e.g., an electron beam or light with a wavelength of 
23 0 nm or higher, the material of the resist film XH is not 
Umited to the above-mentioned materials but can be variously 
aitered Further, the film thichness is not limited to 
150 nm , either, but can be a value which can satisfy the 
above-mentioned condition. 

Fig . 3 shows the spectral transmissivity of a typical 
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^ am resist film. in case a polyphenol series resin 
electron beam resist i-xx 

or a novolac series resin is formed into a fUm thickness c £ 
about 10. nm, its transmissivity is approximately zero at a 
uave length of. e.g.. — «. to 330 the electron beam 
resist mm exhibits a sufficient masK effect wit, respect to 
an ATP exciter laser beam with a „avelen g tb of 133 nm. an F s 
la ser beam witb a wavelength of 157 nm, and the liKe. Here. 
„ ultraviolet rays witb a wavelength of ,00 n. or less 
are employed, but tbe present invention is not lifted to 
this . 

• i f„r the KrF excimer laser beam or 
As the mask material for the *x* 

the like with a wavelength of 24B nm, it is necessary to use 
another material or to add an absorbing agent into the resist 

after the light shielding pattern lb and the 
film. Further, after tne 119" 

■a ~f * resist film are formed, it is 
mark pattern lmr comprised of a resist 

, . , m S o-called hardening 
effective to subject the resist film to a so c 

treatment performed by adding a beat treatment step or 
powerfully irradiating ultraviolet rays previously, for tbe 
purpose of enhancing tbe resistance to the exposure light 
irradiation. Further, for the purpose of preventing the 
nidation of the resist film, it is also effective to beep 
pattern surface in an atmosphere of an inert gas such as 
e g , nitrogen . Further, as the pattern writing of the 

resist film, not only eiectron beam writing, but also pattern 
Siting by ultraviolet rays with a wavelength of, e.g ». - 

, . j The spirit of the present invention 
or higher can be applied. The spir 

" ■ , f n m directly as a mask and providing 

lie s in using the resist film directly 

w-i m a <=ic structure. Accordingly, as the 
a practically usable mask struccur 
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wavelength to be screened, the resist serial ana the .as, 
substrate material, other wavelengths and materials may also 
be used. 

By the use o£ this photo .ask 1HU. the pattern was 
transferred by a reduction projection exposure system As the 
projection light o£ the reduction projection exposure system, 
an ArF excimer laser beam with a wavelength of, e.g., about 
19 , nm was used; the numerical aperture N A of the projection 
iens was for example about 0.68; and the coherence o of the 
Ught source used was, for example, 0 . 7 . on the semiconductor 
wafer which would be used as a projected substrate, an 

iriv( , resisC film with a sensitivity to ArF was 
ordinary positive resist 

formed to a thickness of, e.g., about 300 nm. The alignment 
hetween the reduction projection exposure system and the photo 
m ask 3PA! was made by detecting the mark pattern imr formed on 
the photo mask 1PA1 . For this alignment, a helium-neon 
.He-He) laser beam with a wavelength of, e.g., 633 nm was 
used pue to this, the mark pattern Imr constituted of a 
resist film has no light screening effect, and thus, the 
contrast between the light which has transmitted through the 
mark pattern Imr and the light which has transmitted through 
the light transmitting portion cannot be obtained. Thus, the 
scattered light at the edge of the mark pattern Imr was 

m 4 n via 4 the semiconductor 
detected. As a result, as shown in Frg. 4, th 

integrated circuit pattern on the photo mask 1PA1 was 
projected onto a major surface (first major surface, of a 
semiconductor wafer 3, and ordinary heat treatment and 
developing steps were carried out to form a resist pattern 4 . 
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As a result, approximately the same pattern transfer 
characteristic was obtained as in the case of using a photo 
mask (hereinafter referred to merely as the photo mask) formed 
on a mask substrate by the use, as a light shielding pattern, 
5 of a metal film such as, e.g., chrominum (Cr) . The resist 

pattern 4 could be formed with a depth of field in which for 
example, at 0.19 /urn, a line-and-space of 0.19 jum could be 
formed with a focal depth of 0.4 /im. 

Fig. 5 shows an example of the reduction projection 

10 exposure system used for this exposure treatment. The 

exposure light emitted from a light source 5a of the reduction 
projection exposure system 5 irradiates the photo mask 1PA1 
through a fly's eyes lens 5b, irradiation shape adjusting 
aperture 5c, condenser lenses 5dl, 5d2 and a mirror 5e. This 

15 photo mask 1PA1 is pjaced in the state in which the major 
surface (first major surface) on which the light shielding 
pattern is formed is directed downward (toward the 
semiconductor wafer 3 side) . Therefore, the above-mentioned 
exposure light is irradiated from the back surface (second 

20 major surface) side of the photo mask 1PA1 . By so doing, the 
mask pattern written on the photo mask 1PA1 is projected 
through a projection lens 5f onto the semiconductor wafer 3 
which is a sample substrate. On the first major surface of the 
photo, mask 1PA1, a pellicle lp for preventing a defective 

25 transfer of the pattern due to the attachment of foreign 
matter is provided in some cases. The photo mask 1PA1 is 
vacuum- sucked onto a mask stage 5h controlled by a mask 
position control means 5g, and aligned by a position detecting 
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optica, axis o £ the Paction lens St ate accutate ly alrgned^ 
xhe semiconductor wafer 3 is vacuum-sucKed onto a sample stand 
sj The sample stand sj is placed on a Z stage SK which ts 
movable in the direction of the optical axis of the p^ect on 
le ns Sf . that is, in the Z-axis direction, and the Z sta g e 

Sm are driven by respective driving «ns Spl. Sp 2 in response 
to control commands fro. a main control system Sn and can 
therefore he moved to a desired exposure position. The 
position is accurately monitored, by a laser precision- 
aistance meter Sr. as the position of a mirror Sg fixed to the 
, stage SK. Further, as the position detecting means Sr an 
ordinary halogen lamp for example is used. Xn other words, xt 
ls not necessary to use any special light source for the 
position detecting means si (it is not necessary to introduce 
any novel technigue or difficult technigue anew, , hut a Known 
.eduction projection exposure system can he used. Therefore 
ch e costs of the products manufactured hy the use of the photo 
mask lBM on which the light shielding pattern is formed of a 
resist film are not increased. 

Nex t, the case where the technical concept of the present 
invention is applied to the process of manufacturing a 
semiconductor integrated circuit device which has, for 
example, a twin well type CMfS (Complimentary MIS) circurt 
will be described by the use of Pigs. 6 to 9. 

Fig 6 is a sectional view of the essential part of the 
semiconductor wafer 3 during a step for the manufacture 
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thereof The semiconductor wafer 3 comprises, for example, a 
plane and approximately circular semiconductor thin-plate. A 
semiconductor substrate 3s constituting the semiconductor 
wafer 3 comprises, for example, n-type Si single-crystal, and, 

o -f^v pyamnle an n-well 6n and 
above the semiconductor wafer 3, for example, 

p-„ell 6p are formed. In the n-well 6n, for example, 
phosphorus or as, which is an n-type impurity, is introduced. 
Further, in the p-well 6p, for example, boron, which rs a 
p-type impurity, is introduced. 

On a major surface (first major surface) of this 
semiconductor substrate 3s, an isolating field oxide film 7 rs 
formed by the LOCOS <hocal Oxidization of Silicon) method or 
the like. The isolating portion may be formed in a groove 
shape. in other words, by burying an insulator film into a 
gr oove dug in the thickness direction of the semiconductor 
substrate 3s, the isolating portion may be formed. 

in an active region surrounded by this field oxide frlm 
V, an nMISQn and a pMISQp are formed. The gate oxide films B 
of the nMISQn and pMISQp each comprises, for example, a 
silicon oxide film, which is formed by the thermal oxidatron 
method or the like. Further, the gat, electrodes , of the 
n^SQn and the pMISQp are each formed in such a manner that a 
ga te forming film comprising, for example, low- resistance 
polycrystalline silicon is deposited by the CVD method or the 
like, and then, the thus deposited film is formed by the 
photolithography technique using the above-mentioned reductron 
projection exposure system 5 and the photo mask 1PA1 and the 
ordinary etching technique. Though not particularly so 
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lifted, the gate length is. (or example, about 0.18.,.. * 
semiconductor region 10 o£ the nHISQn is formed in a 
self -aligning manner with respect to the gate electrode 9. by 
introducing, for example, phosphorus or arsenic into the 
semiconductor substrate 3 S by the ion implantation method or 
the like using the electrode 9 as a mask. Further, a 

n of the pMISQp is formed in a 
semiconductor region 11 , of the pu «P 

^-v, r-Mnect to the gate electrode 9 by 
self -aligning manner with respect a 

introducing, for example, boron into the semiconductor 
S ubstrate 3s by the ion implantation method or the like using 
the gate electrode 9 as a mask. However, the gate electrode 9 
is not limited to the formation of, e.g., a single substance 
film of low-resistance polycrystal . line silicon, but the 
formation of the gate electrode 9 is variously modifiable; for 
example, there may be employed a so-called polycide structure 
obtained in such a manner that a silicide layer such as, e.g., 
tungsten silicide or cobalt silicide is provided on a 
l0 w-resistance polycrystalline silicon film; or there can also 
be employed a so-called polymeta! structure obtained in such a 
« that a metal film such as, e.g., tungsten is provided 
on a low-resistance polycrystalline silicon film through a 
barrier conductor film such as, e.g., titanium nitride or 

tungsten nitride. 

First, on such semiconductor substrate 3s, an interlayer 

dielectric film 12 comprising, for example, a silicon oxide 
fil m is deposited by the CVP method or the like as shown in 
Fi g. 7, and then, on the upper surface of the interlayer 
dielectric film 12, a polycrybtalline silicon film is 
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deposited by the CVD method or the lixe. subsequently, the 
polycrystalline silioon film is patterned by the 
ph otoUtho g raphy technic using the above-mentioned reduotron 
promotion exposure system s and the photo mas* 1PA1 and the 
ordinary etching teohn iq ue, and thereafter, an purity rs 
Introduced into a predetermined region of the polycrystallrne 
silioon film thus patterned, whereby wirings 131 and a 

fh i s as shown in Fxg . 8, on 
resistor 13R are formed. After this, 

^ cor (qoin On Glass) film 14 
the semiconductor substrate 3s, an SOG (Spin 

a silicon oxide film is deposited by 
comprising for example a silicon o 

t-W or the like; and then, in the interlayer 
the coating method or cne 

dieleotrio film 12 and the SOG film 14, connecting holes IS 
are bored so as to expose portions of the semiconductor 
regions 10, 11 and the wiring 13,, by the photolitho g raphy 
technique usin g the above-mentioned reduction projeotron 
exposure system 5 and the photo mas, Further, after a 

m etal film comprising, for example, aluminum ««.) or an M. 
alloy is deposited by the sputtering method, this metal frlm 
is patterned by the photolithography technique and the 
ordinary etchin g technic usin g the reduction projection 
exposure system S and the photo masx 1PM and the ordinary 
etching technigue, whereby a first layer wiring 161,1 is formed 
as shown in Pig. 9 . A^er this, a second layer wiring is 
formed in the same manner as in case of forming the frrst 
layer wirin g 16L1, thus manufacturing a semiconductor 

integrated circuit. 

Thus, according to this Embodiment 1, for example, the 

following effects can be obtained: 
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,1) The light shielding pattern lb and the mark pattern 
„ on the photo mask 1PA1 are oonstituted of a resist film, 
whereby the metal film etching step for forming the Irght 
shielding pattern and the step of removing the resist trim 
used as a etching mas, used for the metal film etching can be 
dele ted Due to this, the manufacturing costs of the photo 
ma sk 1 can be reduced. Further, the accuracy of the pattern 
dimensions on the photo mask 1PA1 can be enhanced. Further, 
the defects on the photo mask 1PA1 can be decreased. 

(2 , Since the various patterns comprising a resist trim 
are not provided in that region of the outer periphery of the 
photo mask 1PA1 with which the mounting portion 2 of the 
inspection equipment or the aligner is contacted, it becomes 
possible to prevent the occurrence of foreign matter due to 
the peeling-off or shaving-off of the above-mentioned resrst 
film on the photo mask 1PA1 when the photo mask 1PA1 rs 
m ounted onto the inspection equipment on the aligner doe to 

mechanical shocks. 

,3) Due to foregoing Item (2), the deterioration in the 
inspection accuracy and the deterioration in the transfer 
accuracy of the exposure patterns due to the peeling-off and 
shaving-off of the photo mask iPAl can be prevented. 

T( . am /o\ -it- becomes possible to 
(4) Due to foregoing Item (2), it oeco v 

prevent the occurrence of short-circuit defects and open- 
circuit defects between the patterns on the semiconductor 
wafer 3 due to the peeling-off and the shaving-off of the 
resist film on the photo mask 1PA1. 

, 5) Due to foregoing Items (1) to (4), it becomes 
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possible to enhance the reliability of the semiconductor 
integrated circuit device. 

(6) Due to foregoing Items (2) to (4), the manufacturing 
yield of the semiconductor integrated circuit devices can be 
enhanced. 



Embodiment 2 : 

This Embodiment 2 is identical with foregoing Embodiment 
1 except that the method of manufacturing the photo mask 
1PA1, differs from that of Embodiment 1. 

in case of manufacturing the above-mentioned ordinary 
photo mask, when the resist pattern used as an etching mask 
for patterning the metal film for forming the light shielding 
pattern is formed by an electron beam writer or the like, the 
static electrification by the electrons produced at the time 
of performing electron beam writing can be prevented by which 
the metal film for forming the light shielding pattern is 
electrically connected to the earth. Accordingly, it is not 
necessary to perform electrification preventing treatment. 

However, in case of manufacturing the above-mentioned 
photo mask 1PA1 according to the present invention, when a 
pattern is formed on the resist film IR by the use of an 
electron beam writer for forming the light shielding pattern, 
the electrons irradiated are cut off from escape since the 
mask substrate la and the resist film IR are alike insulators ; 
and thus, they are charged to adversely affect the formation 
of the resist pattern (i.e., the light shielding pattern). 

Thus, according to this Embodiment 2, the photo mask is 
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manufactured in the following manner for example-. 

First, as shown in Fig. 10(a), a transparent conductive 
film 17 is deposited on the mask substrate la. As the 
transparent conductive film 17, an ITO (indium tin oxide) film 
can be used, for example. This transparent conductive film 17 
need not be processed. The reference numeral 18 denotes the 
earth. Subsequently, as shown in Fig. 10(b), on this 
transparent conductive film 17, the above-mentioned resist 
film IR is provided by coating as in case of foregoing 
Embodiment 1. the transparent conductive film 17 is 
electrically connected to the earth 18. After this, as shown 
in Fig. 10(c), predetermined patterns (the light shielding 
pattern lb and the mask pattern imr) are written on the resist 
film 1R by the use of the electron beam writer. In this case, 
according to this Embodiment 2, the electrons irradiated to 
the mask substrate la are allowed to escape to the earth 18 
through the transparent conductive film 17. As a result, it 
becomes possible to suppress inconveniences, such as the 
deterioration in shape of the resist pattern and the 
positional shift due to the static electrification by the 
electrons. In this way, the photo mask 1PA2 is manufactured. 

Further the following method may alternatively be 
adopted. First, after the mask substrate la is prepared as 
shown in Fig. 11(a), the resist film IR is provided by 
coating, as shown in Fig. 1Kb), on a major surface of the 
mask substrate la as in case of foregoing Embodiment 1. 
Subsequently, according to this Embodiment 2, a water-soluble 
conductive organic film 19 is coated on the resist film IR. 
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As the water-soluble conductive organic film 19, for example 
ES PACER (manufactured by Showa Denko K.K.) AQUASAVE 
(manufactured by Mitsubishi Rayon Co., Ltd.) or the like was 
used. After this, in the state in which the water- soluble 
conductive organic film 19 is electrically connected to the 
earth 18, the above-mentioned electron beam writing treatment 
was carried out. After this, at the time of developing the 
resist film, the water-soluble conductive organic film 19 was 
removed. By the above-mentioned method, the static 
electrification by the electron beam could be prevented, and 
inconveniences such as the abnormality in shape of the 
patterns and the positional shift of the patterns could be 
prevented. The photo mask 1PA3 is manufactured in this way. 



Embodiment 3 : 

in this Embodiment 3, a light screening region 
constituted of a metal film is provided in the vicinity of the 
outer periphery of a mask substrate constituting a photo mask, 
and openings are provided in the light screening region, 
whereby an information detecting pattern is available for 
reading the information of the photo mask concerning, e.g., 
the above-mentioned aligning mark, the calibrating mark, etc. 
Except for this point, Embodiment 3 is identical with 
foregoing Embodiments 1, 2. 

Figs. 12(a) to 12(c) show a concrete example of the photo 
raa sk according to this Embodiment 3. Fig. 12(a) is a plan view 
of the photo mask, Fig. 12(b) is a sectional view taken along 
the line A-A, and Fig. 12(c) is a sectional view of the photo 
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mask, showing the state in which the photo mask shown in Fig. 
12(a) and Fig. 12(b) is mounted on a predetermined apparatus. 

in this Embodiment 3, a light shielding pattern (light 
screening metal region) 1c is formed in the vicinity of the 
outer periphery of a major surface of a mask substrate la 
constituting a photo mask 1PA4 . This light shielding pattern 
ic comprises a metal film such as, e.g., chromium (Cr) and is 
formed in a plane frame shape with a width, along the vicinity 
of the outer periphery of the mask substrate la so as to 
surround the above-mentioned integrated circuit pattern region 
of the mask substrate la. The region in which this light 
shielding pattern 1c is formed corresponds to the peripheral 
region, i.e., the inner peripheral region and the outer 
peripheral region, of the integrated circuit pattern of the 
above-mentioned photo mask 1PA1 . 

By the way, in this Embodiment 3, a mark pattern lma 
which has the same function as the above-mentioned mark 
pattern Imr is formed in a portion of this light shielding 
pattern Ic. Here, however, the mark pattern lma is formed by 
light transmitting regions bored in portions of the light 
shielding pattern ic. More specifically, the mark pattern lma 
is formed in such a manner that portions of the metal film 
constituting the light shielding pattern Ic are removed so as 
to expose the transparent mask substrate la lying beneath. 
Accordingly, in this Embodiment 3, in case the aligner 
described in connection with Fig. 5 is used, in other words, 
in case that an aligner which uses an ordinary halogen lamp or 
the like for the position detection of the photo mask is used, 
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the contrast of the light which has transmitted through the 
mark pattern lma can be sufficiently obtained, so that the 
recognizing ability of the mark pattern lma can be enhanced. 
Due to this, the relative alignment between the photo mask 
1PA4 and the aligner can be carried out with ease and yet with 
high accuracy. According to the result of the examination 
made by the present inventor, alignment equal to that of the 
above-mentioned ordinary photo mask has become possible. 

Further, in this Embodiment 3, as shown in Fig. 12(c), 
the mounting portion 2 of the inspection equipment or the 
aligner is directly contacted with the light shielding pattern 
lc. However, since a resist film is not formed on the light 
shielding pattern lc, the occurrence of foreign matter due to 
the peeling-off and the shaving-off of the resist film does 
not occur even if the photo mask 1PA4 is mounted on the 
inspection equipment or the aligner. Further, the chromium or 
the like constituting the light shielding pattern lc is hard, 
so that the occurrence of foreign matters due to the 
peeling-off or shaving-off of the chromium or the like is not 
caused, either. Therefore, the same effect as the effect 
described in connection with the foregoing Embodiment 1 can be 
obtained. 

Also in this Embodiment 3, a light shielding pattern la 
constituted of a resist film 1R is likewise disposed in the 
integrated circuit pattern region in the center of the mask 
substrate la, as in the cases of foregoing Embodiments 1, 2. 

Next, an example of the flow of a series of manufacturing 
steps for the manufacture of the photo mask 1PA4 according to 
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photo mask at the common light shielding pattern forming stage 
(Step 102) . On the other hand, in case that some defects 
exist, correction or the like is made (Step 103), and the 
common light shielding pattern is stocked after the correction 
(Step 102) . 

As stated above, in the photo mask manufacture according 
to this Embodiment 3, the mask substrate can be stocked during 
the photo mask manufacturing step, so that the manufacturing 
time and developing time of the semiconductor integrated 
circuit devices can be greatly shortened. In case of the 
ordinary photo mask, the substrate cannot be stocked during an 
intermediate step for the mask substrate manufacture, so that 
the whole course ranging from the deposition of the light 
screening film (the mask blanks manufacturing step) to the 
patterning of predetermined patterns must be continuously 
carried out, while, according to this Embodiment 3, the photo 
masks processed as far as the common light shielding pattern 
manufacturing step can be stocked. Due to this, in case of 
manufacturing or developing a semiconductor integrated circuit 
apparatus, at the time of forming the concrete mask patterns 
for a semiconductor integrated circuit pattern, the 
manufacture of the photo mask can be started from the stage 
where the photo mask was stocked, so that the photo mask 
manufacturing time can be shortened. Due to this, the step of 
forming the semiconductor integrated circuit pattern can be 
terminated in a shorter time. Therefore, the technical 
concept of the present invention is particularly suited to the 
manufacture of a photo masks for logic devices which are high 
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in the frequency of developing product types. 

Further, in case of the photo mask 1PA4 at the stage 
shown in Fig. 13(a), the light screening portion is mainly the 
outer peripheral portion of the mask substrate, so that a 
metal film, such as a chromium (Cr) film, may not be provided 
in the central portion of the substrate (mask blanks) in which 
a light screening film or a semitransparent film is formed 
over the whole major surface of the mask substrate or in the 
portion in which an element pattern is scheduled to be formed 
(that is, in the above-mentioned integrated circuit pattern 
region) . Or, even if the metal film exists, defects such as 
pinholes etc. do not matter, so that the quality management of 
the mask blanks can be alleviated, and thus, the yield of the 
mask blanks can be greatly enhanced. 

Subsequently, Fig. 13(b) shows the manufacturing step for 
forming a resist pattern. First, the mask blanks on which the 
common light shielding pattern is formed is used; and, in the 
integrated circuit pattern region, the resist film is 
subjected to exposure, development and hardening treatment, 
whereby a device manufacturing resist pattern (corresponding 
to the light shielding pattern lb shown in Fig. 12(a)) (Step 
104) . Subsequently, inspections such as a defect inspection 
and a dimensional inspection are carried out to the mask 
substrate (Step 105) . In case the inspected product has 
passed these inspections, the completion of a photo mask 
follows (Step 106) . However, as a result of these 
inspections, the resist film of the photo masks which have 
failed to pass the inspections and thus are below the 
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light shielding pattern is completed, the above-mentioned 
resist film 1R is coated so as to cover the light shielding 
pattern lc, and thereafter, the above-mentioned water-soluble 
conductive organic film 19 is applied on the resist film 1R 
5 thus coated. Subsequently, as in case of the foregoing 
Embodiment 2, the above-mentioned electron beam writing 
treatment was carried in the integrated circuit pattern region 
of the mask substrate la, in order to form a light shielding 
pattern for the semiconductor integrated circuit pattern, in 
10 the state in which the water-soluble conductive film 19 is 
electrically connected to the earth 18. After this, the 
resist film 1R was subjected to a developing treatment, the 
water-soluble conductive organic film 19 was removed, and 
thus, as shown in Fig. 12(a), a light shielding pattern lb 
15 comprising a resist film was formed in the integrated circuit 
pattern region of the mask substrate la. The steps as far as 
this step correspond to the manufacturing steps shown in Fig. 
13 (b) . 

According to such Embodiment 3, the following effects can 
20 be obtained in addition to the effects obtained by the 
foregoing Embodiments 1, 2: 

1. Since the light shielding pattern lc is provided in 
the outer periphery of the mask substrate la of the photo mask 
1PA4, and, by removing a portion thereof, the mark pattern lma 
25 is formed, the accuracy in detection of the mark pattern can 
be enhanced. Accordingly, the ability of detecting the 
information of the photo-mask 1PA4 can be enhanced 

(2) Due to foregoing Item (1), the accuracy in detection 
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of the calibrating mark of the photo mask 1PA4 can be enhanced 
in case of inspecting the photo mask 1PA4 , so that it is 
possible to enhance the inspection accuracy of the photo mask 
1PA4 . Therefore, the reliability of the photo mask 1 can be 
enhanced. 

(3) Due to foregoing Item (1), the accuracy in alignment 
between the photo mask 1PA4 and the aligner can be enhanced. 
Therefore, the accuracy in the transfer of the patterns onto 
the semiconductor wafer and the alignment accuracy can be 
enhanced. 

(4) Due to the foregoing Items (1), (2), (3), the 
reliability and manufacturing yield of the semiconductor 
integrated circuit devices manufactured by the use of the 
photo mask 1PA4 can be enhanced. 

(5) The mask blanks with the common light shielding 
pattern can be reused. In other words, the effective 
utilization of resources becomes possible. 

(6) The quality management of the mask blanks in the 
photo mask manufacturing steps can be alleviated, and thus, 
the yield of the mask blanks can be greatly enhanced. 

(7) Due to foregoing Items (5) and (6) , the costs of the 
photo mask 1PA4 can be decreased, so that the costs of the 
semiconductor integrated circuit device can be decreased. 

(8) The mask substrate la can be stocked during the 
steps of manufacturing the photo mask 1PA4, so that the length 
of time required for the manufacture and development of 
semiconductor integrated circuit devices can be greatly 
shortened. 
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Embodiment 4 : 

This embodiment 4 relates to an example of the case where 
a transparent thin-film pellicle which functions to prevent 
foreign matter from attaching to the photo mask pattern 
5 forming surface (first major surface) is disposed on the major 
surface of the photo mask. This Embodiment 4 is identical 
with the foregoing Embodiments 1 to 3 except for the 
above-mentioned point. Here, description will be made with 
reference to the use of the photo mask constituted in such a 

10 manner that a light shielding pattern comprising a metal film 
is provided in the vicinity of the outer periphery of the mask 
substrate as in case of the photo mask described, for example, 
in connection with the foregoing Embodiment 3 . 

Figs. 15(a) and 15(b) show a concrete example of the 

15 photo mask according to this Embodiment 4. Here, Fig. 15(a) is 
a plan view of the photo mask, and Fig. 15(b) is a sectional 
view of the photo mask taken along the line A-A in Fig. 15(a) 
showing the state in which the photo mask is mounted on a 
predetermined apparatus . 

20 According to this Embodiment 4, a pellicle Ip is fixed in 

a state joined through a pellicle sticking frame Ipf to a 
major surface (first major surface) of a photo mask 1PA5 . The 
pellicle is a structural body which has a transparent film and 
is provided over a predetermined distance from the major 

25 surface or the major and back surfaces of the mask substrate, 
in order to avoid foreign matter from attaching to the photo 
mask. This predetermined distance is designed by taking into 
consideration the foreign matter attaching to the protective 
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film surface and the transferability of the foreign matter 
onto the semiconductor wafer. In this Embodiment 4, the 
pellicle lp is disposed in a pellicle cover region of a photo 
mask 1PA5. That is, the pellicle lp is disposed so as to 
plane -wise overlap the whole of the above-mentioned integrated 
circuit pattern region of the photo mask 1PA5 and a portion of 
the light shielding pattern 1c of the above-mentioned inner 
peripheral region . 

According to this Embodiment 4, the base portion of the 
pellicle sticking frame lpf is joined and fixed in a state 
directly contacted with the light shielding pattern lc in the 
above-mentioned inner peripheral region of the photo mask 
1PA5. As a result, the pellicle sticking frame lpf can be 
prevented from being peeled off. Further, if a resist film is 
formed at the position at which the pellicle sticking frame 
lpf is mounted, then, when the pellicle lp is mounted and 
removed, it becomes a cause for the peeling-off of the resist 
film and for the generation of foreign matter. In this 
Embodiment 4, the pellicle sticking frame lpf is joined in a 
state directly contacted with the light shielding pattern lc, 
so that the generation of such foreign matter can be 
prevented. Such an effect is obtained also by joining and 
fixing the pellicle stacking frame lpf in a state directly 
contacted with the mask substrate la. Further, this 
Embodiment 4 is also constituted in such a manner that, as 
shown in Fig. 15(b), no resist film is formed in the portion 
in which the photo mask 1PA5 and the mounting portion 2 of the 
projection aligner are contacted. As a result, the occurrence 
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of foreign matter due to the peeling-off and shaving-off of 
the resist film can likewise be prevented as in the cases of 
foregoing Embodiments 1 to 3 . 

Further, in this Embodiment 4, a position calibrating 
mark pattern Imb is formed in the light shielding pattern lc . 
This position calibrating mark pattern Imb is a pattern for 
detecting the positional information of the photo mask 1 
directly from the photo mask 1 itself when a predetermined 
pattern is written on the photo mask 1 by the use of the 
electron beam writer. According to this Embodiment 4, when a 
predetermined integrated circuit pattern is pattern- formed in 
the integrated circuit pattern region of the mask substrate by 
the use of the electron beam writer, the mask pattern Imb in 
the mask substrate la is read out at a rate of one per several 
seconds, whereby pattern writing is carried out, correcting 
(adjusting) the position to be irradiated by the electron beam 
for writing the pattern during the pattern writing step. As a 
result, the pattern writing positional accuracy of the 
electron beam writer can be enhanced. 

The provision of such a mark pattern Imb is, for example, 
for the following reason: In case of an ordinary electron beam 
writer, the writing treatment to the photo mask is carried out 
in a vacuum. As for the holding of the photo mask in a 
vacuum, as symbolically shown in Fig. 16, the mask substrate 
la or a cassette 21 on which the mask substrate la is mounted 
is pushed to three pins 20a of a mask holding portion 20 on a 
moving stage of the electron beam writer; and thus, the mask 
substrate la or the cassette 21 is mechanically fixed by a 
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light irradiated there. As the position detecting means, 
there can be used the type which uses the electron beam of the 
electron beam writer, the type which uses the laser beam by a 
laser writer or other types. Particularly, the application of 
a system or apparatus having a high positional accuracy is 
desirable. This mark pattern lmb can also be formed at the 
step of forming the common light shielding pattern in the 
above-mentioned photo mask manufacture, and it is also 
effective to form this mark pattern lmb at the above-mentioned 
mask blanks manufacturing step. 

According to such Embodiment 4, the following effects can 
be obtained in addition to the effects obtained by foregoing 
Embodiment 3 : 

(1) Since the pellicle lp is provided on the photo mask 
1PA5, it is possible to prevent foreign matter from attaching 
to the photo mask 1PA5, and it is also possible to suppress or 
prevent the deterioration of the transferred pattern due to 
the foreign matter. 

(2) Since the pellicle sticking frame lpl is joined in a 
state directly contacted with the light shielding pattern lc 
or the mask substrate la, it is possible to prevent the 
light- screening -pat tern forming resist film from being peeled 
off or shaved off when the pellicle lp is mounted or removed. 
Due to this, it is possible to prevent the occurrence of 
foreign matter due to the peeling-off or shaving-off of the 
resist film. 

(3) Since the electron beam writing position correcting 
mark pattern lmb is provided on the photo mask 1PA5 itself, it 
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becomes possible to enhance the positional accuracy in the 
pattern writing by the electron beam writer. 

Embodiment 5 : 

This Embodiment 5 relates to the case where the present 
invention is applied to a so-called phase shift mask which 
causes a difference between the phases of the exposure light 
rays transmitting through the photo mask. 

This Embodiment 5 is identical with the foregoing 
Embodiments 1 to 4 except for the above-mentioned point. 

Fig. 17(a) shows a sectional view of the essential part 
of the phase shift mask on a major surface (first major 
surface) of a mask substrate la constituting a phase shift 
mask 1PS1, a phase shift film Id is formed so as to cover 
light shielding patterns lb, lc and the mask substrate la. 
The phase shift film Id may comprise, for example, a 
transparent SOG (Spin On Glass) film (Either an organic SOG 
film or an inorganic SOG film may be used. In case of an 
organic SOG film, however, the exposure light is absorbed, so 
that an optimum film thickness must be set. From the optical 
viewpoint, the use of an inorganic SOG film is preferable), 
and, at a predetermined position of the phase shift film Id, e 
groove ldl with a predetermined depth is formed. The depth oJ 
this groove ldl is set to such a depth that the phase of the 
exposure light which has transmitted through the region in 
which the groove Id is formed and the phase of the exposure 
light which has transmitted through the region in which the 
groove ldl is not formed are inverted with respect to each 



O u 

other. Fig. 17(b) shows the state in which the exposure light 
rays 22a, 22b irradiated from the back surface (second major 
surface) side of the mask substrate la of the phase shift mask 
1PS1 are phase -inverted with respect to each other. The 
exposure light 22a passes through the relatively thick portion 
of the phase shift film Id. On the other hand, the exposure 
light 22b passes through the portion in which the groove ldl 
is dug to such a depth that the phase of the exposure light 
22b is inverted with respect to the phase of the exposure 
light 22a, so that the exposure light 22b is inverted in phase 
with respect to the exposure light 22a. More specifically, a 
phase difference of, e.g., 1800 is caused. As a result, in 
the mutually adjacent transmitting portions, a phase shift - 
effect is obtained; and thus, the resolution of the pattern 
transferred onto the semiconductor wafer can be enhanced. 

Further, in the phase shift mask 1PS1 according to this 
Embodiment 5, the phase shift film Id covers the whole surface 
of the major surface of the mask substrate la. Thus, in case 
the phase shift mask 1PS1 is mounted on an inspection 
equipment or an aligner, the phase shift film Id of the phase 
shift mask 1PS1 comes into contact with the mounting portion 
of the inspection equipment or the aligner. Accordingly, as 
in the cases of the foregoing Embodiments 1 to 4 , the mounting 
portion of the inspection equipment or the aligner is not 
directly contacted with the patterns (the light shielding 
pattern lb, etc.) constituted of a resist film on the mask 
substrate la, so that the peeling-off or the shaving-off of 
the resist film due to the mounting of the phase shift mask 
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1PS1 can be prevented, and the occurrence of foreign matter 
due to the above-mentioned peeling-off or shaving-ff can be 
prevented. 

Next, an example of the method for the manufacture of the 
phase shift mask 1PS1 according to this Embodiment 5 will be 
described. First, as shown in Fig. 18(a), the above-mentioned 
light shielding pattern lb constituted of a resist film and 
the light shielding pattern lc constituted of a metal film are 
formed on the mask substrate la in the same manner as in the 
cases of foregoing Embodiments 3, 4. 

Subsequently, as shown in Fig. 18(b), on a major surface (the 
first major surface) of the mask substrate la, the phase shift 
Id comprising, e.g., an SOG film is deposited, and then, an 
electron beam resist film 23 is deposited on the thus 
deposited phase shift film Id. After this, on this electron 
beam resist film 23, a desired pattern is written by an 
electron beam writing treatment, and then, as shown in Fig. 
18(c), a resist pattern 23a constituted of the electron beam 
resist film is formed via an ordinary step. 

Here, also, the above-mentioned static electrification 
preventing treatment was adopted. After this, by the use of 
the resist pattern 23a as an etching mask, the phase shift 
film Id exposed from the resist pattern 23a was removed by 
etching to form the groove ldl . Thereafter, the resist 
pattern 23a was removed, whereby the phase shift mask 1PS1 
shown in Fig. 17(a) was obtained. 

According to such Embodiment 5, it is possible to obtain, 
for example, the effect that the resolution of the patterns 
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transferred onto the semiconductor wafer, in addition to the 
effects obtained by foregoing Embodiment 3 . 

Embodiment 6 : 

This Embodiment 6 relates to a modification of the phase 
shift mask according to foregoing Embodiment 5. Except for 
this point, Embodiment 6 is identical with foregoing 
Embodiments 1 to 5. 

In this Embodiment 6, the phase shift film Id is removed 
in the above-mentioned outer peripheral region of the mask 
substrate la constituting the phase shift mask 1PS2, and thus, 
the light shielding pattern lc is exposed, as shown in Fig. 
19(a). Fig. 19(b) shows the state in which this phase shift 
mask 1PS2 is mounted on the aligner or the like, symbolically 
depicting how the phase inversion between the exposure light 
rays 22a, 22b is effected when the exposure light rays are 
irradiated from the back surface side (the second major 
surface) of the phase shift mask 1PS2 , wherein the mounting 
portion 2 is directly contacted with the light shielding 
pattern lc of the photo mask 1PS2 . Therefore, in case of this 
Embodiment 6, the same effects as those of foregoing 
Embodiments 1 to 5 can be likewise obtained. The manufacture 
of this phase shift mask 1PS2 can be achieved in such a manner 
that, after or before the step shown in Fig. 18(b), a resist 
pattern is formed so as to expose the outer peripheral region 
of the outer periphery of the major surface of the mask 
substrate la is exposed and yet cover the portions other than 
the above-mentioned outer peripheral region, and then, this 
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resist pattern is used as an etching mask to etched off the 
phase shift film id exposed therefrom. 

Embodiment 7 : 

5 This Embodiment 7 relates to the case where the present 

invention is applied to a semitransparent shift mask (the 
above-mentioned halftone mask) . Except for. this point, this 
Embodiment 7 is identical with foregoing Embodiments 1 to 6 . 
Fig. 20(a) shows an example of the halftone type phase 

10 shift mask 1PS3 according to this Embodiment 7. In the 

integrated circuit pattern region of this phase shift mask 
1PS3, a halftone pattern (halftone light shielding pattern) 
lei for transferring the semiconductor integrated circuit 
pattern is formed. This halftone pattern lei is constituted 

15 of a resist film which has been described in connection with 
the foregoing Embodiment 1, etc., but this halftone pattern 
lei is semitransparent with respect to the exposure light, and 
the film thickness thereof is adjusted to the value which 
inverts the phase of the exposure light. Fig. 20(b) shows how 

20 the phase inversion of the exposure light rays 22a, 22b which 
have been irradiated from the back surface (second major 
surface) side of the phase shift mask 1PS3 according to this 
Embodiment 7 is effected. The exposure light 22a which has 
passed through the halftone pattern lei is inverted in phase 

25 with respect to the exposure light 22b which has passed 

through the transparent portion. In other words, the phases 
of these exposure light rays 22a, 22b deviate by 180° from 
each other. Further, the transmissivity of the halftone 
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pattern lei is such that the light' intensity of the exposure 
light 22a which has transmitted through the halftone pattern 
lei is about 2 to 10% with respect to the exposure light 22a 
before its transmission through the halftone pattern lei. 
Therefore, the halftone pattern lei serves substantially as a 
light screening portion and yet has the effect of making the 
boundary portion of the transferred patterns clear and sharp. 
The method of patterning the halftone pattern lei is the same 
as the patterning method of the light shielding pattern lb 
according to the foregoing Embodiments 1 to 6 . 

in case of the phase shift mask for ArF ( the absorption 
of the resist film constituting the mask is large, so that, in 
order to realize both the transmissivity of about 2 to 10% as 
mentioned above and phase inversion at the same time, 
adjustment must be made of the resist film for forming the 
halftone pattern lei. on the other hand, in case of the phase 
shift mask for an F 2 laser beam with a wavelength of 163 nm, 
the absorption by the resist film is small, so that this phase 
shift mask is favorable in realizing the above-mentioned 
transmissivity of about 2 to 10% and phase inversion at the 
same time. 

By such Embodiment 7, the effects obtained by the 
foregoing Embodiments 1 to 6 can also be obtained. 

Embodiment 8 : 

This Embodiment 8 relates to a modification of the 
halftone type phase shift mask according to the foregoing 
Embodiment 7. Except for this point, the Embodiment 8 is 
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identical with the foregoing Embodiments 1 to 7 . 

in this Embodiment 8, the phase difference is set 
depending on 'the film thickness of the halftone pattern, so 
that it is necessary to bring the thickness into a 
predetermined range. Due to this, it becomes difficult to set 
the intensity of the light passing through the halftone 
pattern in some cases. 

Thus, according to this Embodiment 8, the above- 
mentioned phase difference is not set only by the film 
thickness of the halftone pattern, but the phase difference is 
set by adjusting the film thickness and the depth of grooves 
dug in the mask substrate (that is, the thickness of the mask 
substrate in the groove-formed portions) . As a result, 
according to this Embodiment 8, the effect that the intensity 
setting of the light which transmits through the halftone 
pattern can be facilitated, is obtained in addition to the 
effects obtained by foregoing Embodiments 1 to 7 . Further, the 
range of materials for forming the halftone pattern can be 
increased. 

Fig. 21(a) shows a concrete example of the halftone type 
phase shift mask 1PS4 . In this halftone type phase shift mask 
1PS4, the halftone pattern le2 was rendered into a thin film 
and semi transparent and thus, phase inversion was realized by 
the thickness of the halftone pattern le2 and the thickness of 
the mask substrate la in the portions of the grooves Ig formed 
in the mask substrate la. The halftone pattern le2 was formed 
by the use of a novolac series resin with a thickness of, 
e.g., about 50 nm. As a result, the transmissivity of the 
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removed by etching and dug in at the time of forming the 
grooves If, in order to simplify the mask manufacturing step, 
but it is also possible not to remove by etching the portion 
of the mask substrate la lying in this region. 

Embodiment 9 : 

This Embodiment 9 relates to a modification of the 
halftone type phase shift mask according to the foregoing 
Embodiments 7, 8. In this Embodiment 9, in order to give a 
solution to the problem described in connection with foregoing 
Embodiment 8, the phase of the above-mentioned exposure light 
is adjusted not only by the halftone pattern but by providing 
a different film which plane-wise overlaps the halftone 
pattern. By this measure, according to Embodiment 9, the 
effect that the intensity setting of the light transmitting 
through the halftone pattern can be facilitated as in case of 
foregoing Embodiment 8, can be obtained, in addition to the 
effects obtained by the foregoing Embodiments I to 7 . Further, 
the range of materials for forming the halftone pattern can be 
increased. 

Fig. 22(a) shows a concrete example of the halftone type 
phase shift mask according to Embodiment 9. In this halftone 
type phase shift mask 1PS5, between a halftone pattern Ie3 
similar to that of foregoing Embodiment 8 and a mask substrate 
la, a transparent phase adjusting film lg comprising, e.g., a 
silicon oxide film is provided, so that, by adjusting the film 
thickness of the halftone pattern le3 and the film thickness 
of the phase adjusting film lg, the above-mentioned phase 
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inversion is realized. 

This phase shift mask 1PS5 is formed, for example, in the 
following manner: First, as shown in Fig. 22(b), on a major 
surface (first major surface) of the mask substrate la, the 
5 phase adjusting film lg comprising, e.g., a silicon oxide film 
is formed by the sputtering method, the CVD method (Chemical 
Vapor Deposition) method or the coating method, and 
thereafter, on the phase adjusting film lg thus formed; a 
light shielding pattern lc and the halftone pattern le3 are 

10 formed as in the cases of the foregoing Embodiments 7, 8, etc. 
Subsequently, only with the above-mentioned halftone pattern 
le3 , the phase inversion obtained was about 90°, so that the 
phase adjusting film lg lying beneath the halftone pattern le3 
and the light shielding pattern lc was dug by, e.g., about 

15 90 nm by the use of the halftone pattern le3 and the light 
shielding pattern lc as an etching mask, whereby a phase 
inversion of about 180° in total was obtained. In this way, 
the halftone mask 1PS5 shown in Fig. 22(a) is manufactured. 
According to this Embodiment 9, likewise, a halftone type 

20 phase shift mask 1PS5 with a transmissivity of, e.g., 5% could 
be manufactured. The film thickness of the halftone pattern 
le3 is not limited to this value as in case of foregoing 
Embodiment 8. Further, also in this Embodiment 9, in order to 
simplify the mask manufacturing step, the phase adjusting film 

25 lg portion in the mark pattern Ima region is also removed by 

etching at the time of patterning the phase adjusting film lg, 
but it is also possible not to etch off the portion of the 
phase adjusting film lg which lies in this region. 
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Embodiment 10 : 

This Embodiment 10 relates to a modification of the 
halftone type phase shift mask according to the foregoing 
Embodiments 7, 8, 9 and a modification of the method for the 
5 manufacture of the above-mentioned halftone type phase shift 

mask. Except for the above-mentioned point, this Embodiment 9 
is identical with the foregoing Embodiments 1 to 9. 

This Embodiment 10, likewise, provides the constitution 
for giving a solution to the problem described in connection 

10 with the foregoing Embodiment 8 . As a result, this Embodiment 
10 can obtain the effect that the intensity setting of the 
light which transmits through the halftone pattern can be 
facilitated, as is obtained in the cases of the foregoing 
Embodiments 8, 9, in addition to the effects obtained by the 

15 foregoing Embodiments 1 to 7 . Further, the range of materials 
selected for forming the halftone pattern can be increased. 

An example of the method of manufacture of the halftone 
type phase shift mask according to this Embodiment 10 will now 
be described with reference to Fig. 23. 

20 First, as shown in Fig. 23(a), on a major surface (first 

major surface) of a mask substrate la, a light shielding 
pattern lc and a mark pattern lma as mentioned above are 
formed as in the cases of the foregoing Embodiments 1 to 9 . In 
other words, the above-mentioned common light shielding 

25 pattern forming step is carried out. Subsequently, as shown 
in Fig. 23 (b) , on the major surface of the mask substrate la, 
a resist mask 24 which is transparent to the exposure light is 
formed by coating so as to cover the above-mentioned light 
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shielding pattern lc and the above-mentioned mask substrate 
la, and further, on the thus provided resist film 24, a resist 
film 25 with light screening properties as used in the 
foregoing Embodiment 7 was formed of a thin film and made 
semi transparent. Here, as the transparent resist film 24, a 
PGMA 24 (polyglycidyl methacrylate) or the like which is, 
e.g., of the positive type was used. Further, the resist film 
2 5 with light screening properties was formed by the use of a 
novolac series resin which has a thickness of about 50 nm and 
is, e.g., of the negative type. After this, on the resist 
film 25, a desired integrated circuit pattern was written by 
the use of an electron beam 26 or the like. Here, also, a 
static electrification preventing treatment was conducted. 
After this, an ordinary developing treatment was conducted to 
develop the resist film 25, whereby a halftone pattern le4 is 
formed as shown in Fig. 23(c) . 

Subsequently, the major surface of the mask substrate la 
was subjected to an ordinary exposure treatment to expose the 
portion of the resist film 24 which is exposed from the 
halftone pattern le4 having light screening properties, and 
thereafter, a developing treatment is performed whereby, as 
shown in Fig. 23(d), beneath the halftone pattern le4 , a phase 
adjusting film lg constituted of the resist film 24 and in a 
self-alinging manner with respect to the halftone pattern le4 
so as to plane-wise overlap the halftone pattern le4 . In this 
way, a phase shift mask 1PS6 was manufactured. In the 
structure of this phase shift mask 1PS6, the phase adjusting 
film lg is provided only beneath the halftone pattern le4 . 
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The phase adjustment of the exposure light which transmits 
through the phase shift mask 1PS6 is made through the film 
thickness of the halftone pattern le4 and the film thickness 
of the phase adjusting film lg. As a result, phase inversion 
could be realized between the light which has transmitted 
through the stacked pattern region consisting of the halftone 
pattern le4 and the phase adjusting film lg and the light 
which has transmitted through the mask substrate la. Further, 
the transmissivity of the stacked pattern region turned out to 
be about 5%. Thus, the halftone type phase shift mask IPS 6 
with a transmissivity of about 5% could be fabricated as in 
the cases of the foregoing Embodiments 8, 9, etc. 

Embodiment 1 1 : 

This Embodiment 11 relates to a modification of the 
foregoing Embodiment 1. 

Through the result of the examination made by the present 
inventor, the following has been found: It is also effective 
that, on the major surface of the mask substrate, the light 
shielding pattern for forming the integrated circuit pattern 
and the mark pattern is formed of the above-mentioned resist 
film, and thereafter, on the above-mentioned major surface, a 
transparent protective film is formed so as to cover the light 
shielding pattern. By this measure, the mechanical strength 
of the light shielding pattern formed of the above-mentioned 
resist film can be enhanced. Further, by shutting off the 
oxygen by the protective film, the change in the film quality 
of the light shielding pattern formed of the resist film can 
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be prevented. 

Fig. 24(a) shows a concrete example of this Embodiment 
11. Over the whole of a major surface (first major surface) of 
a mask substrate la constituting the photo mask 1PA6, a 
protective film Ih comprising, e.g., a silicon oxide film or a 
silicon compound coating is provided. In case the protective 
film lh was comprised of a silicon oxide film or the like, the 
protective film lh was formed by, e.g., the sputtering method 
or the CVD method. Further, in case the protective film lh 
was comprised of a silicon compound coating, it was subjected 
to heat treatment at about 100 to 200° C after the coating 
thereof . 

Further, in the photo mask 1PA6 according to this 
Embodiment 11, the protective film lh covers the whole major 
surface of the mask substrate la. Thus, in case of mounting 
the photo mask 1PA6 on inspection equipment, an aligner or the 
like, the protective film lh of the photo mask 1PA6 is 
contacted with the mounting portion of the inspection 
equipment, the aligner or the like. Therefore, as in the 
cases of the foregoing Embodiments 1 to 9, the mounting 
portion of the inspection equipment, the aligner or the like 
is not directly contacted with the pattern (the light 
shielding pattern lb, etc.) constituted of a resist film on 
the mask substrate la, so that the peeling-off or shaving-off 
of the resist film due to the above-mentioned mounting can be 
prevented, and the occurrence of foreign matter due to the 
peeling-off or shaving-off can also be prevented. This 
structure can be also applied to the photo masks according to 
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the foregoing Embodiments 2 to 4 . 

In the above, the invention achieved by the present 
inventor has been concretely described on the basis of its 
embodiments, but it is a matter of course that the invention 
is not limited to the foregoing embodiments, but can be 
variously modified without departure from the gist of the 
invention. 

For example, the foregoing Embodiments 1 to 10 have been 
described with reference to the case where the wiring is of 
the ordinary wiring structure, but the invention is not 
limited to this, but the wiring may alternatively be formed 
by, e.g., the so-called damascene method or the duel damascene 
method according to which a wiring is formed in an insulator 
film or a wiring is formed by burying a conductor film into a 

groove for a hole . 

Further, the foregoing Embodiments 1 to 10 have been 
described with reference to the case where a semiconductor 
substrate comprising an elemental semiconductor is used, but 
the invention is not limited to such case. Thus, for example, 
an SOI (Silicon On Insulator) substrate constituted by 
providing a thin semiconductor layer on an insulator layer, or 
an epitaxial layer provided on a semiconductor substrate, may 
be used. 

In case the mark pattern is formed of a resist film in 
the foregoing Embodiments 1, 11, an absorbing material which 
absorbs the mark detecting light (such as, e.g., the probe 
light of a defect inspection equipment (the probe light being 
light which has a wavelength, of, e.g., 500 nm, greater than 
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the exposure wavelength)) may be added to the resist film. 

In the above, the invention achieved by the present 
inventor has been described, mainly, with reference to the 
case where the invention is applied to a method for the 
manufacture of a semiconductor integrated circuit device with 
a CMIS circuit which belongs to the field of utilization 
constituting the background of the invention, but the 
invention is not limited to this, but can also be applied to a 
semiconductor integrated circuit device with a memory circuit, 
such as, e.g., a DRAM (Dynamic Random Access Memory), an SRAM 
(Static Random Access Memory) or a flash memory ( EEPROM ,- 
Electric Erasable Read Only Electric Erasable Read Only 
Memory) or the like, a semiconductor integrated circuit device 
with a logic circuit, such as, e.g., a microprocessor or the 
like, or a mixed-discrete-components- loaded type semiconductor 
circuit device in which the above-mentioned memory circuit and 
logic circuit are provided on one and the same semiconductor 
substrate . 

Further, the technical concept of the present invention 
is not limited to the application to a method of manufacturing 
semiconductor integrated circuit devices, but can also be 
applied to a method of manufacturing other electronic devices 
(electronic circuit devices) etc. such as, e.g., a liquid 
crystal substrate and a magnetic head. 

Further, the pellicle is stuck or bonded to the mask 
substrate in the portion provided with no resist, whereby a 
good fixing characteristic is provided. In particular, in 
case the pellicle is contact-fixed on a chromium (metal) 
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screening film in the periphery of the mask, a particularly 
excellent fixing characteristic is exhibited. 

Further, the fixing of the pellicle to the mask holder of 
the mask is made in such a manner that the pellicle is 
contact- fixed onto that portion of the mask periphery which 
has no resist film, that is, onto the surface of a quartz mask 
substrate, a screening metal portion such as, e.g., chrominum 
or a metal compound film portion; and thus, a good fixing 
characteristic followed by no shift or deviation is exhibited. 

The effects achieved by the typical aspects of the 
invention disclosed in the present application will be briefly 
described below. 

(1) According to the present invention, in the periphery 
of the optical mask, any of various patterns comprising a 
resist film are not provided in the region with which the 
mounting portion of the inspection equipment, the aligner or 
the like is contacted, whereby the occurrence of foreign 
matter due to the peeling-off or shaving-off of the resist 
film on the optical mask due to the mechanical shocks caused 
when the optical mask is mounted on the inspection equipment, 
the aligner or the like, can be suppressed or prevented. 

(2) Due to the foregoing Item (1) , the deterioration of 
the detecting accuracy due to the peeling-off or shaving-off 
of the resist film on the photo mask and the deterioration in 
the transfer accuracy of the exposure pattern can be 
prevented. 

(3) Due to the foregoing Item (1) , it becomes possible 
to prevent the short-circuit defects, open-circuit defects, 
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etc. between the patterns on the semiconductor wafer due to 
the peeling-off or shaving-off of the resist film on the photo 
mask . 

(4) Since a light screening metal region is provided in 
the outer periphery of the mask substrate of the optical mask, 
and, by removing a portion of this light screening metal 
region, a mark pattern for detecting the information of the 
optical mask is formed, the ability of detecting the 
information of the optical mask can be enhanced. 

(5) Due to the foregoing Item (4) , the detecting 
accuracy of the calibrating mark on the optical mask can be 
enhanced in case of inspecting the optical mask, so that the 
inspecting accuracy of the optical mask can be enhanced. 
Therefore, the reliability of the optical mask can be 
enhanced . 

(6) Due to the foregoing Item (4) , the accuracy in the 
alignment between the optical mask and the aligner can be 
enhanced. Accordingly, the transfer accuracy of the patterns 
transferred onto the semiconductor wafer and the alignment 
accuracy can be enhanced. 

(7) Due to the foregoing Items (1) to (6) , the 
reliability of the semiconductor integrated circuit devices 
manufactured by the use of the optical mask according to the 
present invention can be enhanced. 

(8) Due to the foregoing Items (1) to (6) , the yield of 
the semiconductor integrated circuit devices manufactured by 
the use of the optical mask according to the present invention 
can be enhanced. 
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